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Efeito cardioprotetor de Aloysia polystachya (Griseb) Moldenke em um
modelo de multiplos fatores de risco cardiovascular em ratos

RESUMO
As doencas cardiovasculares (DCV) sdo as principais causas de mortes entre as doencas
cronicas ndo transmissiveis em todo o mundo. Existem fatores de risco que propiciam um
aumento na ocorréncia e/ou agravo das DCV, estes, incluem a nutricdo ndo saudavel,
inatividade fisica, dislipidemia, hiperglicemia, obesidade, hipertensdo arterial sistémica (HAS),
entre outros. Os modelos experimentais, especialmente envolvendo roedores, sdo amplamente
difundidos nas pesquisas pré-clinicas, para a identificacdo de novos agentes farmacoldgicos
relacionados ao sistema cardiovascular. Entre essas pesquisas, destacam-se aquelas originarias
de relatos de uso popular e tradicional de plantas medicinais. A Aloysia polystachya (Griseb)
Moldenke, popularmente conhecida como “burrito”, € usada para tratar diferentes desordens do
sistema cardiovascular. Dito isto, 0 objetivo geral deste trabalho foi validar um modelo pré-
clinico de doenca cardiaca induzido por multiplos fatores de risco em ratos (Etapa 1) e avaliar
o efeito cardioprotetor do Gleo essencial de A. polystachya (Etapa 2). Para a etapa 1 foi
desenvolvido um modelo de multiplos fatores de risco cardiovascular que associa HAS,
hipotireoidismo e dislipidemia. Dois modelos de hipertensdo foram usados: hipertensao
renovascular (2 rins — 1 clip (2 kidneys — 1 clip (2K1C))) e ratos espontaneamente hipertensos
(Spontaneously Hypertensive rat (SHR)). O grupo naive foi composto por ratos normotensos.
Doze semanas apds cirurgia para induzir hipertensdo renovascular, os ratos dos grupos 2K1C e
SHR foram submetidos a tireoidectomia. Apds trés dias de recuperacdo pos-operatdria, a dieta
hiperlipidica foi entdo implementada por seis semanas. Funcéo renal, marcadores bioquimicos,
perfil eletrocardiografico, pressdo arterial, reatividade vascular de leito mesentérico,
histopatologia e morfometria foram investigados em amostras de coracdo, rim, figado, artérias
subclavia e car6tida. Ambos o0s modelos experimentais induziram dislipidemia,
comprometimento da funcéo renal e esteatose hepatica, acompanhados de niveis elevados de
diferentes marcadores inflamatorios sérico e estresse oxidativo. Essas alteragdes promoveram
danos nos 6rgdos-alvo em todos os ratos hipertensos. Tais achados corroboram uma alternativa
viavel de modelo que envolve mdltiplos fatores de risco cardiovascular e se assemelha a
condigdes evidenciadas em humanos, principalmente em se tratando dos SHR, que exibiram
alteracdes fisiopatologicas mais severas. Para a etapa 2, o 0leo essencial das folhas de A.
polystachya (EOAP) foi extraido. Foi avaliada a toxicidade aguda do EOAP em 10 ratas fémeas

da linhagem Wistar, divididas igualmente em dois grupos, controle (n =5) e 2000 mg/kg (n =



5). J& no ensaio farmacoldgico, os animais foram randomizados e divididos em seis grupos:
cinco grupos de animais SHR (n = 8) e um grupo de animais normotensos (naive; n = 8). Os
animais SHR foram submetidos a tireoidectomia para inducao do hipotireoidismo. Os animais
hipertensos foram divididos entre os grupos: EOAP dose 1 (1,47 mg/kg); EOAP dose 2 (4,40
mg/kg); EOAP dose 3 (13,20 mg/kg); controle negativo (veiculo) e controle positivo
(rosuvastatina, 5 mg/kg), todos tratados oralmente uma vez ao dia por seis semanas.
Concomitantemente ao tratamento, foi implementada uma dieta hiperlipidica para todos os
grupos, exceto o naive (dieta padrao). Apds 6 semanas, a funcédo renal, marcadores bioquimicos,
perfil eletrocardiogréfico, pressdo arterial, reatividade vascular do leito mesentérico,
histopatologia e morfometria de amostras de 6rgdos foram investigados. Os resultados obtidos
sugerem que o EOAP nao promoveu sinais de toxicidade e preveniu as alteracdes renais,
eletrocardiograficas e hemodinamicas, mantendo niveis de pressdo sistélica semelhantes aos
encontrados nos animais naive. Pode-se concluir que o modelo experimental que associa HAS,
dislipidemia e hipotireoidismo, apresenta-se como uma alternativa eficiente para mimetizar
alteracdes fisiopatoldgicas, bioquimicas e histopatoldgicas presentes em um quadro de
multiplos fatores de risco cardiovascular. Além disso, foi possivel evidenciar o efeito

cardioprotetor do EOAP em um modelo de multiplos fatores de risco cardiovascular.

Palavras-chave: Hipertensdo Arterial Sistémica. Dislipidemia. Aterosclerose. Burrito.



Cardioprotective effect of Aloysia polystachya (Griseb) Moldenke in a

multiple cardiovascular risk factors model in rats

ABSTRACT
Cardiovascular diseases (CVD) are the leading causes of death among chronic
noncommunicable diseases worldwide. There are risk factors that lead to an increase in the
occurrence and/or aggravation of CVD, these include unhealthy nutrition, physical inactivity,
dyslipidemia, hyperglycemia, obesity, hypertension, among others. Experimental models are
widely disseminated in preclinical research, for the identification of new pharmacological
potentials related to the cardiovascular system, mainly using rodents. Among these studies,
those originating from reports of popular and traditional use of medicinal plants stand out.
Aloysia polystachya (Griseb) Moldenke, popularly known as “burrito”, is used to treat different
disorders of the cardiovascular system. Therefore, the general objective of the present work was
to validate a preclinical model of multiple cardiovascular risk factors in rats (Step 1) and to
evaluate the cardioprotective effect of the essential oil from A. polystachya (Step 2). For step
1, a model of multiple cardiovascular risk factors that associates hypertension, hypothyroidism
and dyslipidemia was developed. Two models of hypertension were used: renovascular
hypertension (2 kidneys — 1 clip (2K1C)) and spontaneously hypertensive rats (SHR). The naive
group was composed of normotensive rats. Twelve weeks after surgery to induce renovascular
hypertension, rats in the 2K1C and SHR groups underwent thyroidectomy. The high-fat diet
was then implemented for 6 weeks. Renal function, biochemical markers, electrocardiographic
profile, blood pressure, vascular reactivity of the mesenteric bed, histopathology and
morphometry were investigated in samples from the heart, kidney, liver, subclavian and carotid
arteries. Both experimental models induced dyslipidemia, impaired renal function and hepatic
steatosis, accompanied by increase in levels of different serum inflammatory markers and
oxidative stress. These changes promoted target organ damage in all hypertensive rats. The data
support a viable alternative model that involves multiple cardiovascular risk factors and
resembles evidenced conditions in human, especially in the case of SHR, which exhibited more
severe pathophysiological changes. For step 2, essential oil from A. polystachya leaves (EOAP)
was extracted. The acute toxicity of EOAP in 10 female Wistar rats, equally divided into two
groups, control (n = 5) and 2000 mg/kg (n = 5). In the pharmacological assay, animals were
randomized and divided into six groups: five groups of SHR animals (n = 8) and one group of

normotensive animals (naive; n = 8). SHR animals underwent thyroidectomy to induce



hypothyroidism. Hypertensive animals were divided into groups: EOAP dose 1 (1.47 mg/Kkg);
EOAP dose 2 (4.40 mg/kg); EOAP dose 3 (13.20 mg/kg); negative control (vehicle) and
positive control (rosuvastatin; 5 mg/kg) all treated orally once daily for six weeks.
Concomitantly with the treatment, a high-fat diet was implemented for all groups, except for
the naive (standard diet). After 6 weeks, renal function, biochemical markers,
electrocardiographic profile, blood pressure, vascular reactivity of the mesenteric bed,
histopathology and morphometry of organ samples were investigated. The results obtained
suggest that EOAP did not promote signs of toxicity and prevented renal, electrocardiographic
and hemodynamic alterations, maintaining systolic pressure levels similar to those found in
naive animals. It can be concluded that the experimental model that associates hypertension,
dyslipidemia and hypothyroidism presents itself as an efficient alternative to mimic
pathophysiological, biochemical and histopathological changes present in a context of multiple
cardiovascular risk factors. Furthermore, it was possible to demonstrate the cardioprotective
effect of EOAP in a model of multiple cardiovascular risk factors.

Keywords: Hypertension. Dyslipidemia. Atherosclerosis. Burrito.
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1 INTRODUCAO

As doencas cronicas nao transmissiveis (DCNT) foram as principais causas de mortes
em 2017, contribuindo com 73,4% do total. As doengas cardiovasculares (DCV) sdo as
principais causas de mortes entre as DCNT em todo o mundo, correspondendo a 17,8 milhdes
de mortes estimadas, atingindo uma prevaléncia de 523 milhdes (ROTH et al., 2018; ROTH et
al., 2020). Existem fatores de risco que propiciam um aumento na ocorréncia e/ou agravo das
DCV, estes, incluem a nutricdo ndo saudavel, inatividade fisica, dislipidemia, hiperglicemia,
obesidade, hipertenséo arterial sistémica (HAS), diferencas sexuais e de raca/etnia, trombose,
tabagismo, disfuncao renal e hipercolesterolemia genética/familiar (ARNETT et al., 2019).

Uma abordagem de cuidado de satde que identifique previamente os fatores de risco
garante um manejo seguro do paciente, antecipadamente as complicacBes cardiovasculares
mais relevantes (BAYS et al., 2021). Para exemplificar, homens e mulheres aos 50 anos na
auséncia de fatores de risco cardiovascular, vivem respectivamente, 6,9 e 9,4 anos a mais sem
a ocorréncia de quaisquer doencas crénicas importantes (DCV, cancer, diabetes e deméncia),
quando comparados aqueles com altas prevaléncias de fatores de risco (WANG et al., 2023).

A HAS é caracterizada por pressdo arterial sistolica (PAS) e diastdlica (PAD)
persistentemente elevadas. Para o diagnostico de HAS a PAS, a PAD ou ambas devem ser
iguais ou superiores a 140 e 90 mm Hg, respectivamente (WILLIAMS et al., 2018). Pacientes
com HAS, frequentemente, apresentam dislipidemia aterogénica caracterizada por niveis
elevados de triglicerideos e LDL-colesterol (LDL-C), e baixos niveis de HDL-colesterol (HDL-
C) (WILLIAMS et al., 2018). Tanto a HAS quanto a dislipidemia tém, além das condi¢bes
genéticas, possivel influéncia de uma alimentacao ndo saudavel. Dietas com maior ingestdo de
gordura saturada e trans, colesterol, sddio, alimentos ultra processados, aclcar e alcool estdo
associadas a maior risco de desenvolvimento de CDV (BAYS et al., 2021).

A busca por novas alternativas de tratamento e prevencdo das DCV € constante,
principalmente devido & complexidade das doencas, & evolucdo da ciéncia e tecnologia, as
mudancas na populagéo e habitos de vida e o constante aprimoramento de custo-efetividade.
Os modelos experimentais utilizados no inicio do processo de desenvolvimento de
medicamentos relacionados ao sistema cardiovascular podem ser classificados em trés grandes
grupos: modelos in silico/computacionais, modelos in vitro e modelos animais. Sendo que,
modelos animais, principalmente utilizando roedores, séo amplamente difundidos nas pesquisas
pré-clinicas, para a identificacdo de novos agentes farmacologicos (LEONG; NG; JAARIN,
2015; SAVOJI et al., 2019; ZHANG et al., 2021).
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Empregadas como substratos na indudstria farmacéutica ou em seu uso popular e
tradicional, as plantas representam-se como um recurso importante no tratamento de doencas e
em sua prevencdo (CALIXTO etal., 2001). Com cerca de 60 mil espécies vegetais catalogadas,
e a maior diversidade vegetal do planeta, o Brasil ainda tem muito o que avangar em pesquisas
cientificas, visto que aproximadamente 1.100 espécies foram avaliadas quanto as suas
propriedades medicinais. Além da vasta biodiversidade, o pais ainda conta com a diversidade
cultural e étnica dos seus habitantes, o que resulta em grande acimulo de conhecimentos e
técnicas tradicionais (BRASIL, 2016).

A familia Verbenaceae é distribuida principalmente em climas temperados, subtropicais
e desérticos, nativos do continente americano. Um arbusto aromético dessa familia é Aloysia
polystachya (Griseb) Moldenke, planta cujo uso esta intimamente ligado a cultura na América
do Sul, muito utilizada para aromatizar “mate” ou “tereré”, bebidas tipicas da regido (MOLLER
et al., 2020). Popularmente conhecida como “burrito”, a A. polystachya também é utilizada na
medicina popular para tratar hipertenséo, ansiedade, distdrbios gastrointestinais e respiratorios,
além de seu emprego como sedativo (AGUADO et al., 2013; COELHO etal., 2019; HELLION-
IBARROLA et al., 2008).

Sabendo que o desenvolvimento e aprimoramento dos tratamentos para as doencas
citadas comega com pesquisas pré-clinicas, e identificando uma lacuna na literatura quanto a
investigacdo dos efeitos cardioprotetores da A. polystachya, o objetivo geral deste trabalho foi
validar um modelo pré-clinico de doenca cardiovascular induzido por multiplos fatores de risco

em ratos e avaliar o efeito cardioprotetor do extrato e do 6leo essencial de A. polystachya.

2 REVISAO DE LITERATURA

2.1 Doencas cardiovasculares

As DCV foram a principal causa de mortalidade global e um dos principais contribuintes
para a incapacidade entre os 204 paises e territorios inclusos no estudo intitulado ‘Global
Burden of Diseases, Injuries, and Risk Factors Study’ (2019). Houve um aumento de 12,1
milhGes de mortes entre 1990 e 2019 atribuidas as DCV, e no ano de 2019, a prevaléncia de
DCV atingiu 523 milhdes (ROTH et al., 2020).

As DCV incluem, entre outras, o acidente vascular cerebral (AVC), alteracGes
cardiovasculares congénitas, distdrbios do ritmo cardiaco, parada cardiaca subita, aterosclerose

subclinica, doenca coronariana, sindrome corondria aguda e angina pectoris, cardiomiopatia e
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insuficiéncia cardiaca (I1C), doengas valvulares, tromboembolismo venoso, insuficiéncia venosa
cronica, hipertensdo pulmonar, doenga arterial periférica, doencas aorticas e a HAS (VIRANI
etal., 2021).

O total de mortes globais por DCV aumentou 21,1% entre 2007 e 2017, mas as taxas de
mortalidade diminuiram de 259,9 mortes por 100.000 em 2007 para 233,1 por 100.000 em
2017. Do total de mortes por doencas cardiovasculares 84,9% foram causadas por doenga
cardiaca isquémica ou AVC (ROTH et al., 2018). Em 2019, aproximadamente 18,6 milhdes de
mortes foram atribuidas as DCV, e a prevaléncia bruta de DCV foi de 523,2 milhdes de casos,
um aumento de 26,6% em comparagdo com 2010. As maiores taxas de mortalidade atribuiveis
as DCV ocorreram na Europa Oriental e na Asia Central, ja a prevaléncia de DCV é mais alta
no norte da Africa e Oriente Médio, Asia Central e América do Norte (VIRANI et al., 2021;
VOS et al., 2020).

No Brasil, no ano de 2021 foram registradas 1.008.244 internacdes no Sistema Unico
de Saude motivadas por doengas do sistema circulatorio, 71.807 delas na regido Centro-Oeste,
12.132 em Mato Grosso do Sul e 1.731 especificamente na cidade de Dourados. O custo
referente aos gastos hospitalares dessas internacdes no Brasil chegou a R$ 2.902.921.053,95.
Nesse mesmo periodo foram registrados 102.051 6bitos por doencas do sistema circulatério no
SUS, 7.880 deles na regido Centro-Oeste (DATASUS, 2021).

Vale ressaltar que a pandemia de coronavirus 2019 (COVID-19) impactou globalmente
a saude, a sociedade e a economia de forma inestimavel. Ha evidéncias de que as DCV e certos
fatores de risco cardiovasculares, incluindo HAS, diabetes mellitus, doenca renal, doenca
hepética, obesidade e tabagismo, estdo associados a uma maior probabilidade de COVID-19
grave ou mortalidade pela doenga. Ainda nédo existem evidéncias do impacto do COVID-19 na
salde cardiovascular a longo prazo, no entanto sabe-se que 25% dos casos de hospitalizaces

por COVID-19 podem culminar em complicacdes cardiovasculares (HARRISON et al., 2021).

2.2 Fatores de risco cardiovascular

Dentre o0s aspectos passiveis de intervencao, um estilo de vida saudavel é a forma mais
efetiva de prevenir o declinio da saude cardiovascular, principalmente quando se trata da
prevencdo de doenca vascular aterosclerdtica, IC e fibrilacdo atrial. Sabe-se, portanto, que
existem fatores de risco que propiciam um aumento na ocorréncia e/ou agravo das DCV. Esses
fatores de risco incluem nutri¢cdo ndo saudavel, inatividade fisica, dislipidemia, hiperglicemia,
obesidade, HAS, diferencas sexuais e de raca/etnia, trombose, tabagismo, disfuncéo renal e
hipercolesterolemia genética/familiar (ARNETT et al., 2019).
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Uma abordagem de cuidado de saude que identifique previamente os fatores de risco
cardiovascular garante um manejo seguro do paciente, antecipadamente as complicacGes
cardiovasculares mais graves. E importante que a equipe multiprofissional de salde esteja
atenta a todos os aspectos que envolvem a salude cardiovascular, uma vez que 0s pacientes
frequentemente apresentam maltiplos fatores de risco concomitantemente (BAYS et al., 2021).

H& evidéncias de que uma melhor salude cardiovascular estd associada a menor
incidéncia de 1C e doenca vascular subclinica, melhor desempenho fisico funcional e cognitivo
global e menor risco de deméncia subsequente, menor prevaléncia e incidéncia de sintomas
depressivos, menos doenca pulmonar obstrutiva cronica, e melhor prognostico apos infarto
agudo do miocérdio (IAM), entre outros beneficios especificos a cada quadro clinico (VIRANI
etal., 2021).

Para endossar a importancia do manejo dos fatores de risco cardiovascular, o Projeto de
Agrupamento de Risco Cardiovascular ao Longo da Vida (Cardiovascular Lifetime Risk
Pooling Project), que compilou dados de 5 coortes (49.490 participantes), mostrou que adultos,
sem fatores de risco (semelhante a ter niveis ideais de pressdo arterial, de colesterol e glicose
sanguineos, assim como ndo fumar), tém sobrevida global substancialmente maior e com menor
prevaléncia de DCV, do que aqueles que apresentam fatores de risco. Para exemplificar, um
homem aos 45 anos sem fatores de risco vive em média 14 anos a mais, sem eventos
cardiovasculares significativos, e 12 anos a mais que as pessoas que apresentam fatores de risco
(WILKINS et al., 2012).

Para identificar previamente os pacientes com predisposicao para o desenvolvimento de
DCV e assim, garantir a prevencéo efetiva com a correta definicdo das metas terapéuticas, séo
usados 0s escores de risco e algoritmos baseados em analises de regressdo linear de estudos
populacionais. O Departamento de Aterosclerose da Sociedade Brasileira de Cardiologia do
Brasil, atualmente utiliza o escore de risco global de Framingham para estratificar os pacientes
em quatro niveis de risco: risco muito alto, risco alto, risco intermediario e risco baixo. A Tabela
1 demostra as pontuacdes atribuidas para o céalculo do risco em mulheres e homens, e a Tabela
2 sumariza o percentual de risco de ocorréncia de eventos coronarianos em 10 anos, de acordo
com a pontuacdo (D’AGOSTINO et al., 2008; PRECOMA et al., 2019).



Tabela 1. Atribuicdo de pontos de acordo com o risco global de Framingham
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Mulheres
Pontos ldade(anos) HDL-C CO.:.?::{OI (néoigsta da) (trzg%a) Fumo Diabetes
-3 <120
-2 60+
-1 50-59 <120
0 30-34 45-49 <160 120-129 Né&o Né&o
1 35-44 160-199 130-139
2 35-39 <35 140-149 120-139
3 200-239 130-139 Sim
4 40-44 240-279 150-159 Sim
5 45-49 280+ 160+ 140-149
6 150-159
7 50-54 160+
8 55-59
9 60-64
10 65-69
11 70-74
12 75+
Homens
-2 60+ <120
-1 50-59
0 30-34 45-49 <160 120-129 <120 Né&o Néo
1 35-44 160-199 130-139
2 35-39 <35 200-239 140-159 120-139
3 240-279 160+ 130-139 Sim
4 280+ 140-159 Sim
5 40-44 160+
6 45-49
7
8 50-54
9
10 55-59
11 60-64
12 65-69
13
14 70-74
15 75+

Fonte: Adaptada de Précoma et al. (2019). PAS: pressdo arterial sistolica
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Tabela 2. Risco global em 10 anos

Mulheres Homens
Pontos Risco (%) Pontos  Risco (%) | Pontos  Risco (%) Pontos  Risco (%)

<-2 <1 11 7,3 <-3 <1 10 94
-1 1,0 12 8,6 -2 1,1 11 11,2
0 1,2 13 10,0 -1 1,4 12 13,2
1 1,5 14 11,7 0 1,6 13 15,6
2 1,7 15 13,7 1 1,9 14 18,4
3 2,0 16 15,9 2 2,3 15 21,6
4 2,4 17 18,5 3 2,8 16 25,3
5 2,8 18 21,6 4 3,3 17 29,4
6 3,3 19 24,8 5 3,9 18+ >30
7 39 20 28,5 6 4,7
8 4,5 21 >30 7 5,6
9 53 8 6,7
10 6,3 9 7.9

Fonte: Adaptada de Précoma et al. (2019)

2.2.1 Nutricdo nao saudavel

O habito alimentar saudavel é um importante aliado da satde cardiovascular, uma vez
que padrdes alimentares desbalanceados estdo fortemente associados ao desenvolvimento de
DCV, bem como de outros fatores de risco cardiovascular, como a dislipidemia, HAS e o
diabetes mellitus tipo Il (BECHTHOLD et al., 2019).

Séo considerados habitos alimentares promotores da satde cardiovascular a priorizacao
de ingestdo de legumes, frutas, oleaginosas, graos integrais, sementes, peixes, alimentos ricos
em &cidos graxos monoinsaturados e poli-insaturados e fibra soltvel, em detrimento da reducao
de ingestdo de gordura saturada, excesso de sodio, colesterol, carboidratos simples, carnes
ultraprocessadas, bebidas acucaradas, bebidas alcodlicas e gorduras trans (BAYS et al., 2021).

Para demonstrar a influéncia da alimentacao sobre o risco cardiovascular € importante
citar dados de metandlise e revisdes sistematicas que compilaram estudos prospectivos, ensaios
clinicos e de caso controle ao redor do mundo. Bechthold et al. (2019) analisaram 126 estudos
prospectivos e evidenciaram que o risco de doenga coronariana, IAM e IC estava inversamente
associado ao consumo de vegetais e frutas, grdos integrais, nozes e peixes, e que, por outro
lado, o risco para essas condic¢des estava positivamente associado ao consumo de ovos, carne

vermelha, carne processada e bebidas acucaradas.
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A metanalise de Wang et al. (2014) compilou 16 estudos prospectivos de coorte e
concluiu que cada porcéo adicional de frutas e vegetais combinados estava associada a um risco
4% menor de mortalidade cardiovascular. Outro estudo prospectivo incluindo 512.891 adultos
na China identificou que os individuos que comiam frutas frescas diariamente (18%) tinham
34% menor risco de eventos coronarianos graves e uma redugéo de 40% no risco de morte por
DCV (DU et al., 2016).

Em uma metandlise de estudos prospectivos de coorte e caso-controle, 0 consumo de
carne vermelha ndo processada ndo foi significativamente associado a incidéncia de doenca
coronariana. Por outro lado, cada porcéo de 50 g por dia de carnes processadas foi associada a
uma maior incidéncia de doencas coronarianas (MICHA; WALLACE; MOZAFFARIAN,
2010).

Em um estudo com profissionais da salde, 0 consumo de uma porcao de nozes por pelo
menos cinco vezes na semana foi associado a menor risco de DCV (GUASCH-FERRE et al.,
2017). Outro estudo transversal com 12.285 adultos, identificou que o consumo > 30 g de alcool
por dia estava associado a um maior risco de sindrome metabolica, HAS, hiperglicemia e
obesidade abdominal (SULIGA et al., 2019).

A metanalise de Jayedi et al. (2019) identificou que um aumento de 1 g/dia na ingestao
de sddio foi associado a um aumento de 6% no risco de AVC; e a adi¢do de 1 unidade na razédo
sodio-potéssio na dieta foi associada a um aumento de 22% no risco de AVC. Outro estudo
concluiu que, uma reducdo para 2.300 mg/dia no sédio da dieta foi associada a uma queda de
7,7 mm Hg na PAS e 3,0 mm Hg na PAD entre pessoas com pressao arterial > 131/78 mm Hg
(MOZAFFARIAN et al., 2014).

Quanto ao consumo de fibras e graos integrais, estudos demonstram que uma maior
ingestdo de fibras esta associada a reducdo do peso corporal, colesterol total, pressao arterial e
hemoglobina glicada. Além disso, uma ingestdo aumentada de graos integrais promove reducéao
no risco de desenvolvimento e de morte por doencas coronérias e AVC (REYNOLDS et al.,
2019).

O consumo de &cidos graxos trans saturados aumenta o risco de doengas coronarianas
por promover altera¢cBes no perfil lipidico. Uma vez que as gorduras trans, ao promoverem
aumento de LDL-C e reducdes de HDL-C, promovem tambem a inflamacéo e a disfungéo
endotelial, e possiveis efeitos na coagulacéo, resisténcia a insulina e deslocamento de acidos
graxos essenciais das membranas (UAUY et al., 2009).

O mecanismo de protec¢do cardiovascular associado ao consumo de frutas e vegetais

estd, em parte, ligado aos compostos antioxidantes e polifenois, como a vitamina C,
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carotenoides e flavonoides. Estes, demonstraram prevenir a oxidacdo do colesterol e outros
lipidios nas artérias. Além disso, estimulam a sintese de prostaciclina endotelial que inibe a
agregacao plaquetaria e reduz o ténus vascular, o que possibilita a reducao da presséo arterial.
Frutas e vegetais também sdo boas fontes de magneésio e potassio, que foram inversamente
associadas a mortalidade em estudos anteriores. Além disso, toda a composicao fitoquimica
desses alimentos influencia ndo apenas os processos inflamatorios, mas também os processos
redox celulares e a fungédo endotelial (WANG et al., 2014).

Os nutrientes essenciais associados aos fitonutrientes e fibras presentes nos gréos
integrais podem contribuir sinergicamente para seus efeitos cardiovasculares positivos. Tais
efeitos, podem estar associados a redugdo das concentragcbes de LDL-C por meio da fibra
solvel; modulacdo das respostas glicémica e insulinémica, melhorando a funcéo vascular e a
pressdo arterial e o controle de peso; as propriedades antioxidantes e anti-inflamatorias,
possivelmente devido a presenca de polifendis e outros fitonutrientes; entre outros mecanismos
(BECHTHOLD et al., 2019).

A associacdo entre o consumo de peixes e baixos niveis de risco cardiovascular podem
estar relacionada aos efeitos de acidos graxos poli-insaturados n-3 de cadeia longa, que sédo
abundantes em peixes gordurosos e tém sido associados a efeitos antiateroscleréticos e
antitrombaticos. J& 0 aumento de risco cardiovascular associado ao consumo de carne vermelha
e processada pode estar associado aos compostos pré-inflamatorios ou pré-oxidativos, como
nitrosaminas, ferro ou acidos graxos saturados (BECHTHOLD et al., 2019).

O risco cardiovascular aumentado relacionado ao consumo de bebidas acucaradas pode
estar relacionado aos disturbios na regulacdo da fome e saciedade, uma vez que ha evidéncias
substanciais de que o consumo dessas bebidas contribui para o ganho de peso e obesidade em
adultos, sendo a obesidade um importante fator de risco para DCV (BECHTHOLD etal., 2019).
As castanhas, por sua vez, influenciam positivamente o risco cardiovascular devido ao seu
contetdo de &cidos graxos insaturados, proteinas, fibras, vitamina E, potassio, magnésio e
compostos fitoquimicos, que possuem mecanismos sinérgicos de acdo (SCHWINGSHACKL
etal., 2017).

A relagdo entre 0 consumo de sodio e 0 aumento da presséo arterial ja € bem estabelecida
na literatura, porém, além disso, ha dados que sugerem efeitos da ingestdo de sddio e potassio
sobre AVC ou DCV que podem ser independentes dos efeitos sobre a pressdo arterial. A
excrecdo urinaria de sédio mostrou-se positivamente relacionada a excrecdo urinaria de
albumina, o que sugere que o efeito do sédio nas DCV pode ser parcialmente mediado por dano

endotelial. Outros mecanismos propostos para um efeito cardiovascular do sodio independente
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da presséo arterial incluem o aumento do fluxo sanguineo e reatividade vascular e um efeito

direto sobre a massa ventricular esquerda (COOK et al., 2009).

2.2.2 Inatividade fisica

Qualquer movimento corporal através dos musculos esqueléticos que requer gasto
energético é considerado como atividade fisica, no entanto, a classificagdo da intensidade da
atividade fisica é definida em termos de unidades metabdlicas equivalentes (Metabolic
Equivalent Task (METs)). Um MET é definido como o oxigénio consumido em repouso e é
igual a 3,5 mL de O por kg de peso corporal x minutos. Atividade leve equivale a 1,6 a 2,9
METs, atividade de intensidade moderada a 3,0 a5,9 METSs, e a atividade vigorosa a>6 METS.
A inatividade fisica pode ser definida como um estado de permanéncia em baixos niveis de
gasto energético (1-1,5 METSs) (BAYS et al., 2021).

A atividade fisica € um aspecto importante da satde geral. Individuos fisicamente ativos
ndo apenas possuem menores indices de mortalidade prematura, menores prevaléncias de
doenca coronariana, IC, AVC e doencas relacionadas ao envelhecimento, como também
apresentam menos fatores de risco para DCV, incluindo a HAS, diabetes e obesidade (VIRANI
et al., 2021). No entanto, em 2016, a prevaléncia de inatividade fisica global era de 27,5% (IC
95%, 25,0% — 32,2%), sendo que a prevaléncia ndo se altera significativamente desde 2001
(28,5%) (GUTHOLD et al., 2018).

A metandlise de Wewege et al. (2018) incluiu 11 estudos que investigaram o papel do
exercicio fisico entre individuos com sindrome metabdlica. O exercicio aerébico melhorou
significativamente a PAD (-1,6 mm Hg; p = 0,01), a circunferéncia da cintura (-3,4 cm; p
<0,01), glicemia de jejum (-0,15 mmol/L; p = 0,03) e 0o HDL-C (0,05 mmol/L; p = 0,02). Uma
coorte que incluiu 23.732 individuos, evidenciou que ir de bicicleta para o trabalho foi
associado a menores chances de desenvolver HAS, hipertrigliceridemia, obesidade e
intolerancia a glicose em comparacdo com o0 uso de meios de transporte passivos no
acompanhamento de 10 anos (GR@NTVED et al., 2016).

Outra metanalise que incluiu 29 estudos com 330.222 participantes identificou que, cada
nivel 10-METS h/semana mais alto de atividade fisica, foi associado a um risco 6% menor de
HAS (LIU et al., 2017). Outro estudo envolvendo idosos, durante dois anos, identificou que
niveis mais altos de atividade fisica e de passo diarios foram associados a menor risco de
eventos cardiovasculares severos (COCHRANE et al., 2017).

Existe uma relacédo estabelecida por um estudo de reviséo entre a contagem de passos

diarios e a reducdo da ocorréncia de eventos cardiovasculares. Sendo que, o aumento de 2.000
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passos/dia produz uma reducdo de 8% da taxa anual de ocorréncia de morte cardiovascular,
IAM ou AVC ndo fatal (KRAUS et al., 2019). A atividade fisica reduz o risco de DCV
predominantemente por meio de mudancas no perfil dos fatores de risco cardiovascular, como
a reducao da pressdo arterial, LDL-C e colesterol (PANDEY et al., 2015).

A elucidagdo do mecanismo de atuacdo da atividade fisica na melhora dos niveis
pressoricos, por exemplo, € complexa, devido a origem multifatorial da HAS. Os principais
mecanismos envolvidos incluem a reducéo da resisténcia periférica total, melhora da funcéo
endotelial por meio da reducéo do débito cardiaco e a reducao da atividade nervosa simpatica
e dos niveis plasmaticos de norepinefrina. Outra via de acdo pode estar relacionada ao aumento
da sensibilidade a insulina provocada pela atividade fisica, uma vez que a hiperinsulinemia e a
resisténcia a insulina podem contribuir para a HAS através da retencdo de sodio, aumento da
atividade do sistema nervoso simpatico e hipertrofia do musculo liso vascular. A atividade fisica
também diminui a viscosidade do plasma, o que pode contribuir para a manutencdo da
homeostase vascular (L1U et al., 2017).

2.2.3 Dislipidemia

Os lipideos sdo importantes componentes celulares, teciduais e de 6rgdos do corpo
humano e podem apresentar-se em diversas classes: gorduras, esteroides, fosfolipidios,
triglicerideos e colesterol. Por serem apolares, seu transporte no sangue €é feito por meio das
lipoproteinas e essas, sdo aterogénicas, com exce¢do as HDL. As lipoproteinas aterogénicas
podem se aderir aos espacos subendoteliais, onde podem sofrer oxidacdo e eliminacdo por
macrofagos arteriais, resultando em células espumosas, estrias gordurosas e, em seguida,
formacdo de placa aterosclerética. O aumento progressivo da placa aterosclerética pode
produzir estreitamento crénico hemodinamicamente significativo da artéria, resultando em
angina ou claudicacdo. A ruptura aguda da placa pode induzir IAM e/ou AVC (BAYS et al.,
2021).

A aterosclerose € uma doenca inflamatoria cronica de origem multifatorial, que se da
em resposta a agressao endotelial, acometendo principalmente a camada intima de artérias de
médio e grande calibre. O processo de formacdo da placa aterosclerotica (aterogénese) inicia-
se com a agressdo ao endotélio vascular, sendo estimulado por fatores de risco como
dislipidemia, HAS e/ou tabagismo. A disfuncdo endotelial estimula o aumento de
permeabilidade da intima as lipoproteinas plasmaéticas, favorecendo a retencao destas no espago

subendotelial. Retidas, as particulas de LDL sofrem oxidacdo, promovendo a exposi¢édo de
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diversos neoepitopos, tornando-as imunogénicas. O depdsito de lipoproteinas na parede arterial
é proporcional a concentracdo destas lipoproteinas no plasma (FALUDI et al., 2017).

Outra manifestacdo da disfuncao endotelial, estimulado pela presenca de LDL oxidada,
é o surgimento de moléculas de adesdo leucocitaria na superficie endotelial. As moléculas de
adesdo sdo responsaveis pela atracdo de mondcitos e linfocitos que, induzidos por proteinas
quimiotéticas, migram para o espaco subendotelial, no qual se diferenciam em macroéfagos, que,
por sua vez, captam as LDL oxidadas. Os macrofagos repletos de lipideos sdo chamados de
células espumosas e sdo o principal componente das estrias gordurosas, lesdes macroscopicas
iniciais da aterosclerose. Uma vez ativados, os macrdéfagos sdo, em grande parte, responsaveis
pela progressdo da placa aterosclerdtica devido a secrecdo de citocinas, que aumentam a
inflamacdo, e de enzimas proteoliticas, capazes de degradar colageno e outros componentes
teciduais locais (FALUDI et al., 2017).

Os mediadores de inflamagdo estimulam a migracdo e a proliferacdo das células
musculares lisas da camada média arterial para a intima, onde passam a produzir ndo s
citocinas e fatores de crescimento, como também matriz extracelular, que formara parte da capa
fibrosa da placa aterosclerdtica. A placa aterosclerética plenamente desenvolvida é constituida
por elementos celulares, componentes da matriz extracelular e ndcleo lipidico necrético. As
placas estaveis sdo compostas predominantemente por colageno, organizado em capa fibrosa
espessa, poucas células inflamatdrias e nicleo lipidico necrético de proporgfes menores. Ja as
instaveis apresentam atividade inflamatdria intensa, com grande atividade proteolitica, nicleo
lipidico necrético proeminente e capa fibrotica ténue. A ruptura desta capa expde material
lipidico altamente trombogénico, originando um trombo sobrejacente. Este processo, também
conhecido por aterotrombose, € um dos principais determinantes das manifestacGes clinicas da
aterosclerose (FALUDI et al., 2017).

Os niveis de apolipoproteina B (apoB) e o nimero de particulas de LDL séo preditores
de risco aterosclerético superiores & medicdo do colesterol transportado por lipoproteinas
aterogénicas (LDL-C), principalmente quando os numeros de particulas de lipoproteinas
aterogénicas sdo maiores do que os niveis relativos ao colesterol de lipoproteinas aterogénicas
(casos de diabetes mellitus ou dislipidemia adiposopatica (JIALAL; SINGH, 2019)). No
entanto o LDL-C continua sendo o principal alvo do tratamento na maioria das diretrizes de
gerenciamento de dislipidemia (BAYS et al., 2021).

Como existe uma molécula de apoB em toda molécula de lipoproteina, e sabendo que
todo colesterol existente em lipoproteinas aterogénicas é aterosclerdtico, define-se que o

colesterol ndo-HDL e a apoB em conjunto, refletem mais fidedignamente os riscos de
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aterosclerose. Contudo, as diretrizes para o tratamento lipidico sdo geralmente enfocadas em
alvos, definindo metas e limiares de niveis de lipidios (BAYS et al., 2021). A Diretriz Brasileira
de Dislipidemia e Prevencdo da Aterosclerose define os valores de referéncia (Tabela 3) de

acordo com a classificacdo do risco cardiovascular de cada paciente (FALUDI et al., 2017).

Tabela 3. Valores referenciais e de alvo terapéutico, conforme avaliacdo de risco

cardiovascular estimado do perfil lipidico para adultos com mais de 20 anos.

Lipideos Com jejum (mg/dL) Sem jejum (mg/dL)  Categoria referencial
Colesterol total <190 <190 Desejavel

HDL-C > 40 > 40 Desejavel
Triglicerideos <150 <175 Desejavel

Categoria de risco

<130 <130 Baixo
<100 <100 Intermediario
LDL-C
<70 <70 Alto
<50 <50 Muito alto
< 160 <160 Baixo
<130 <130 Intermediario
Nado HDL-C

<100 <100 Alto
<80 <80 Muito alto

Fonte: adaptado de FALUDI et al., 2017

De acordo com o GDB 2019, estudo dos fatores de risco para mortalidade, o LDL-C
aumentado contribuiu para cerca de 4,4 milhGes de mortes em todo o mundo. Essas mortes
ocorreram principalmente na Europa Oriental, Asia Central, Africa do Norte e Oriente Médio
(VOS et al., 2020). Em relagdo ao colesterol total, entre 1980 e 2008, os niveis médios
diminuiram nas regides de alta renda do mundo (Australia, América do Norte e Europa
Ocidental), mas aumentaram no Leste e Sudeste Asiatico e Pacifico. Porém, em 2008 os niveis
médios mais altos de colesterol total foram observados em regides de alta renda da Australia,
América do Norte e Europa Ocidental, e menores na Africa Subsaariana (FARZADFAR et al.,
2011).

2.2.4 Hiperglicemia
A hiperglicemia pode contribuir significativamente com o risco cardiovascular,

principalmente nos casos de diabetes mellitus. O diabetes tipo 1 resulta de uma deficiéncia
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absoluta na secrecdo de insulina, enquanto o tipo 2 é caracterizada por uma resisténcia a insulina
que, uma vez combinada a uma resposta insulinémica ineficiente, resulta em hiperglicemia. A
resisténcia a insulina geralmente esta associada a adiposidade, no entanto induz a hiperglicemia,
que por sua vez, contribui com a resisténcia a insulina por meio da glicotoxicidade. Em ambos
0s casos (tipos 1 e 2), o diabetes pode promover as doengas micro e macrovasculares, além de
atuar como fator de risco para as DCV, principalmente nas doencas coronarianas e no AVC
(BAYSetal., 2021).

A hiperglicemia também é um fator agravante para o desenvolvimento de aterosclerose,
com mecanismos diretos e indiretos de atuacdo. De forma direta, a elevada concentracdo de
glicose no sangue pode promover a disfuncdo endotelial, o estresse oxidativo, aumento da
oxidacdo de LDL, inflamacéo generalizada e alteraces na o0xido nitrico sintase endotelial. De
forma indireta, a hiperglicemia influencia a hiperatividade plaquetéaria. J& a resisténcia a
insulina pode aumentar os &cidos graxos ndo esterificados circulantes e contribuir com a
dislipidemia (TRIPATHY et al., 2019).

O estudo de Bancks et al. (2019) avaliou adultos de meia idade e identificou que o risco
cardiovascular esta relacionado aos valores de glicemia, ainda que em niveis abaixo das faixas
de valores que diagnosticam o diabetes. Entre as mulheres, o risco absoluto de DCV foi de
15,3% para glicemia de jejum < 5,0 mmol/L e 18,6% para glicemia de jejum entre 6,3 e 6,9
mmol/L. Entre os homens, esse risco foi de 23,5% para glicemia de jejum < 5,0 mmol/L e
31,0% para glicemia de jejum entre 6,3 e 6,9 mmol/L. Dados prévios a esse estudo também
sugeriam que o risco de DCV em pacientes com diabetes variam de 49% a 67% para mulheres
e 62% a 78% para homens (FOX et al., 2008).

Dados epidemioldgicos sugerem que a prevaléncia de diabetes aumentou 199,3% para
homens e 179,8% para mulheres entre 1990 e 2019. No mundo, 237,9 milhGes de homens e
222,0 milhdes de mulheres sdo portadores de diabetes (VOS et al., 2020). Estima-se que entre
20% e 49% dos custos direcionados aos cuidados de pacientes com diabetes sejam relacionados
as DCV (EINARSON et al., 2018).

2.2.5 Obesidade

O indice de massa corporal (IMC) é calculado a partir do peso e da altura dos individuos,
para classificar seu estado nutricional. Um IMC entre 25 e 30 kg/m? classifica o individuo em
estado de sobrepeso, ja a obesidade, pode ser classificada em trés tipos: obesidade tipo | (IMC
entre 30 e 34,9 kg/m?), tipo Il (IMC entre 35 e 39,9 kg/m?) e tipo Il (IMC acima de 40 kg/m?2).

O aumento do IMC, acima dos niveis de eutrofia, esta associado a um aumento no céalcio da



27

artéria coronaria, aumento na espessura da camada intima da carotida, espessura do ventriculo
esquerdo e aumento do risco de DCV ao longo da vida (KHAN et al., 2018; BAYS et al., 2021).

Vale ressaltar que, em casos de alto percentual de musculatura, os individuos podem
apresentar um IMC superestimado, ja que ele ndo leva em consideragdo os compartimentos
corporais; nesses casos, a classificacdo deve ser feita com cautela. Avaliar o percentual de
gordura corporal é sempre mais especifico do que quantificar o IMC, no entanto os pontos de
corte ainda sdo subjetivos e ha ampla variacdo quanto a acuracia dos métodos de avaliacao de
gordura corporal. Muitos dados suportam a avaliacdo dos valores de circunferéncia da cintura
(> 88 para mulheres e > 102 para homens) ou relagdo cintura-quadril ( > 0,9 em homens e >
0,83 em mulheres), para aferir correlacbes com o risco de DCV, visto que um aumento na
circunferéncia da cintura reflete a disfuncéo adiposopatica, que direta e indiretamente aumenta
o risco de DCV (CAO et al., 2018).

A obesidade promove um comprometimento da saude cardiovascular devido a aspectos
biomecénicos, bioquimicos e enddcrinos. Os efeitos adversos biomecénicos estdo relacionados
ao comprometimento da funcdo cardiaca por meio de contencdo mecanica pericardica,
expansdo ventricular esquerda prejudicada, enchimento ventricular esquerdo prejudicado e IC
diastolica. Ja as alteracGes bioquimicas e enddcrinas estdo relacionadas a disfuncdo dos
adipdcitos, que em casos de obesidade, apresentam respostas imunes e endécrinas desreguladas,
podendo promover diretamente as DCV ou agravar doengas metaboélicas (BAYS, 2011).

A hipertrofia e hiperplasia patologica do tecido adiposo pode originar um quadro
conhecido como adiposopatia, que pode ter etiologia relacionada ao balanco energético
positivo, inatividade fisica, predisposicdo genética e causas ambientais. Anatomicamente, na
adiposopatia, o tecido adiposo, além de aumentado, pode estar mais amplamente distribuido
pelo corpo, promovendo adiposidade visceral, pericardica, perivascular e de outros 6rgaos.
Essas alteracbes patologicas estimulam a desregulacdo fisiolégica como a adipogénese
prejudicada, disfuncdo patoldgica das organelas dos adipécitos, aumento dos &cidos graxos
livres circulantes, alteracdo nas respostas endocrinas do tecido adiposo (aumento da excrecéo
de leptina, aumento do fator de necrose tumoral alfa, diminui¢do da adiponectina e aumento
dos mineralocorticoides) e respostas imunes patogénicas (BAYS, 2011). Em suma, todas essas
alteracfes implicam em um quadro clinico de hiperglicemia, HAS, dislipidemia, sindrome
metabolica e esteatose hepatica, que estdo associadas ao aumento do risco de DCV (BAYS et
al., 2021).

Entre 1980 e 2013, a prevaléncia de sobrepeso e obesidade aumentou 27,5% em

individuos adultos, atingindo o total estimado de 2,1 bilhdes em 2013. A maior prevaléncia de
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obesidade masculina estd nos Estados Unidos, América Latina, Australia e Europa; para as
mulheres, a maior prevaléncia de obesidade esta no sul e norte da Africa, Oriente Médio,
Ameérica Central e do Sul e Estados Unidos (NG et al., 2014).

2.2.6 Hipertens&o arterial sistémica

Niveis aumentados da pressdo arterial sistémica, contribuem para o aumento do risco
cardiovascular. E estabelecido que a PAS < 120 mm Hg e PAD < 80 mm Hg (para adultos > 20
anos de idade) é um fator importante para a manutencdo da salde cardiovascular (VIRANI et
al., 2021). A HAS constantemente coexiste com outros fatores de risco cardiovascular, como
dislipidemia e intolerancia a glicose (WILLIAMS et al., 2018).

A HAS é caracterizada por PAS e PAD persistentemente elevada nas artérias sistémicas.
Para o diagnostico de HAS a PAS, a PAD ou ambas devem ser iguais ou superiores a 140 e 90
mm Hg, respectivamente (WILLIAMS et al., 2018). Para garantir uma afericdo precisa, o
paciente deve evitar cafeina, exercicio fisico, estresse e/ou fumo por 30 minutos antes da
medicdo da pressdo arterial; deve esvaziar a bexiga; deve estar sentado com o0s pés apoiados no
chéo por cinco minutos; o aparelho utilizado deve estar calibrado e possuir tamanho adequado
ao paciente e é imprescindivel que o profissional seja treinado para executar tal afericdo (BAYS
etal., 2021).

Entre os anos de 1990 e 2019, a prevaléncia de PAS elevada aumentou de 2,18 bilhdes
para 4,06 bilhdes, demonstrando-se como um grande desafio de salde publica, afetando
aproximadamente 9 em cada 10 adultos em todo o mundo. O numero de mortes atribuidas a
PAS elevada, também aumentou de 6,7 milhdes para 10,8 milhdes nesse mesmo periodo
(ROTH et al., 2020). A HAS é uma das principais causas modificveis de morte prematura e
uma das metas globais da Organizacdo Mundial da Salde para a prevencdo de doencas nédo
transmissiveis (NGUYEN; CHOW, 2021).

A reducdo dos niveis pressoricos propicia a reducdo do risco de DCV, da progressao da
doenca renal e da mortalidade geral (WHELTON et al., 2020; BAYS et al., 2021). A pratica de
atividade fisica, a melhora de habitos alimentares (reducdo do consumo de sédio e &lcool e
adequado consumo de potéssio), a manutencdo do peso corporal e a interrupcdo do tabagismo
sdo fatores importantes para promover a reducdo da pressao arterial (BAYS et al., 2021).

Outra estratégia eficiente e acessivel para o tratamento da HAS é a intervencédo
farmacoldgica. Apesar disso, as taxas de tratamento e controle de paciente com HAS por meio
de medicamentos ainda permanecem baixas, tanto em paises desenvolvidos quanto em

desenvolvimento (MILLS et al., 2016). A terapia anti-hipertensiva inicial comumente inclui o
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uso isolado, ou em associagéo, de um inibidor do sistema renina-angiotensina (inibidor da
enzima conversora de angiotensina ou bloqueador do receptor AT1 da angiotensina I1), um
bloqueador dos canais de calcio, um betabloqueador e/ou um diurético tiazidico (BAYS et al.,
2021).

2.3 Modelos experimentais para o estudo das doencas cardiovasculares

Os tratamentos das DCV experienciaram constantes alteracfes no decorrer das décadas,
Vvisto que 0 avango nas pesquisas elucida novos fatos acerca da fisiopatologia das doencas, 0
que propicia o aprimoramento de seus tratamentos. Existem duas necessidades fundamentais
para o0 aprimoramento e desenvolvimento de modelos experimentais precisos e preditivos:
primeiro, elucidar e descobrir novos tratamentos para as DCV que lideram as taxas de
morbidade e mortalidade em todo o0 mundo; e segundo, identificar moléculas e prepara¢ées com
baixa e nenhuma eficacia, além de mapear possiveis efeitos adversos e toxicos dos
medicamentos desenvolvidos (LEONG; NG; JAARIN, 2015; SAVOQOJI et al., 2019).

Os modelos experimentais utilizados no inicio do processo de desenvolvimento de
medicamentos relacionados ao sistema cardiovascular podem ser classificados em trés grandes
grupos: modelos in silico/computacionais, modelos in vitro e modelos animais. Os modelos in
silico possibilitam o aprimoramento da triagem de cardiotoxicidade induzida por drogas por
meio da modelagem cardiaca estatistica/empirica. Basicamente, demonstram as possiveis
interacdes de droga-alvo (p.ex. canais idnicos e proteinas) e seus efeitos na funcdo vascular e
cardiaca, empregando as leis fisico-quimicas conhecidas para delinear digitalmente a ligacdo
de moléculas a diferentes sitios celulares (LEONG; NG; JAARIN, 2015; SAVOJI et al., 2019;
ZHANG et al., 2021)

Entre os métodos de estudo in vitro destacam-se as culturas celulares. Nesse caso, é
imprescindivel que haja disponibilidade de células de alta qualidade que se assemelhem ao
tecido vascular ou cardiaco. Essas células podem ser células primarias, linhagens celulares ou
células-tronco pluripotentes indiferenciadas (EMMERT; HITCHCOCK; HOERSTRUP, 2014).
As células priméarias sdo colhidas diretamente do tecido cardiovascular, possuindo vida util
limitada e caracteristicas fenotipicas semelhantes ao in vivo. Podem ser provenientes de
galinhas embrionarias, ratos/camundongos neonatos e outras espécies. O uso de células
primarias extraidas de biopsias humanas é incomum, visto que sua capacidade extremamente
limitada de proliferar dificulta a disponibilidade celular para pesquisas (SAVOJI et al., 2019).
Por esses motivos, a maioria das pesquisas in vitro utiliza linhagens celulares, principalmente

devido a sua capacidade de expanséo ilimitada. As linhagens mais comuns séo de fibroblastos,
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células musculares lisas e células endoteliais, que a partir da regeneracao tecidual, podem se
assemelhar a um tecido cardiaco. No entanto, também possuem limita¢Ges, sobretudo alteraces
do comportamento celular conforme se alteram os meios de cultura. Além disso, a origem da
linhagem e a manipulacdo genética para sua imortalizacdo pode afetar as suas propriedades
funcionais (SAVOJI et al., 2019).

Como uma alternativa para contornar as limitagdes das células primérias e linhagens
celulares, as células-tronco tém sido aprimoradas para as pesquisas cardiovasculares in vitro.
Células-tronco sdo células indiferenciadas com a capacidade de autorrenovacao e diferenciacdo
em vérios tipos de células especializadas. Paras as pesquisas em DCV, as células sdo
provenientes de células-tronco embrionérias humanas e células-tronco pluripotentes induzidas.
A diferenciacao especifica, no entanto, é um desafio, ja que pode ser influenciada por diferentes
aspectos, incluindo fatores de crescimento, proteinas, aminoacidos, ions ativos e co-cultura com
células ou tipos de tecidos relevantes (LEONG; NG; JAARIN, 2015; SAVOJI et al., 2019).

Outra possibilidade para os modelos in vitro sdo os modelos cardiacos 2D e 3D. Os
modelos 2D sdo empregados na investigacdo da cardiotoxicidade em nivel celular por meio da
fabricacdo de tecidos com cardiomidcitos alinhados; enquanto os modelos 3D fornecem um
microambiente ainda mais realista e semelhante ao tecido nativo. Os modelos 3D podem ser
obtidos a partir de células encapsuladas dentro de hidrogéis ou pela semeadura de células em
estruturas pré-fabricadas com proteoglicanos da matriz extracelular descelularizados do tecido
cardiaco nativo e sobrepondo folhas de células 2D (CETNAR et al., 2021; VERNEREY et al.,
2021)

Um dos aspectos que propicia o uso de animais em pesquisas biomédicas € a viabilidade.
A facilidade de gerenciamento de fatores ambientais e de consumo alimentar, o ciclo de vida
mais curto e a possibilidade de isolamento de 6rgéos e tecidos caracterizam essa viabilidade.
Outro aspecto é a semelhanca com os seres humanos, exemplos disso sdo os chimpanzés e
camundongos que compartilham cerca de 99% e 98% do DNA com o0s humanos,
respectivamente. Além disso, 0 uso de animais é essencial para garantir a eficacia e a seguranca
de medicamentos nas fases pré-clinicas, ou seja, testes de toxicidade, farmacodinamica e perfil
farmacocinético de drogas podem ser investigados em animais antes que 0S compostos ou
formulacbes sejam usados em pacientes humanos (CHIMPANZEE SEQUENCING AND
ANALYSIS CONSORTIUM, 2005; LEONG; NG; JAARIN, 2015).

Os modelos que se utilizam de animais como cées, porcos, macacos e outras espécies
sdo considerados mais proximos da anatomia humana, e possuem melhor disponibilidade de

tecidos. O perfil lipidico desses animais é semelhante ao humano, exceto para subclasses de
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HDL humano, sendo assim, sdo moderadamente mais sensiveis a aterogénese. Por outro lado,
esses animais apresentam manutencdo e manuseio mais dificultosos, escassez de modelos
genéticos e questdes éticas mais pungentes (SAVOJI et al., 2019).

Os animais de pequeno porte (ratos, camundongos, coelhos e gatos), sdo amplamente
utilizados em pesquisas relacionadas ao sistema cardiovascular. No entanto, devido as
diferencgas fisioldgicas entre essas especies e humanos, a relevancia dos dados deve ser
considerada ao analisar os resultados obtidos. As vantagens no uso desses animais incluem o
facil manuseio e manutencdo, curto tempo de gestacdo, baixo custo e a capacidade de
manipulacdo genética (SAVOJI et al., 2019).

2.3.1 Modelos experimentais para o estudo de fatores de risco cardiovascular em roedores

Os modelos experimentais para o desenvolvimento de HAS incluem métodos cirurgicos,
ambientais, farmacolégicos e a manipulagdo genética dos animais. Um exemplo de HAS de
origem genética é o rato espontaneamente hipertenso (Spontaneously Hypertensive Rat (SHR)),
uma linhagem isogénica que apresenta aumentos progressivos da pressao arterial a partir dos 3
meses de idade, atingindo um plat6 por volta de 180 dias ap6s o0 nascimento. Atualmente, € um
dos principais modelos de HAS utilizados em pesquisas de triagem de compostos anti-
hipertensivos. A linhagem SHR originou-se em Kyoto (Japdo) através do cruzamento de ratos
Wistar Hannover que exibiram elevagfes espontaneas da pressédo arterial. A manutengdo da
linhagem foi possivel através de endogamia ao longo de varias gera¢bes. Outras linhagens de
ratos propensas a HAS de origem genética inclui o Dahl Salt-Sensitive rats, o Fawn-hooded
rats (oriundos da mutagdo espontanea em ratos Long-Evans), o Milan hypertensive rat, o Lyon
genetically hypertensive rats, o Sabra hypertension-prone rat e o borderline hypertensive rat
(LERMAN et al., 2019).

Outros modelos de HAS em roedores envolvem alteracfes ambientais, manipulacao
farmacoldgica (p.ex. mineralocorticoides, vasoconstritores e inibidores da sintese do 6xido
nitrico), e/ou cirdrgica (p.ex. hipertensdo renovascular). Um modelo que envolve hipertenséo
renovascular € o dois rins-um clipe (2 kidneys-1clip (2K1C)). O modelo 2K1C foi descrito pela
primeira vez por Goldblatt et al. (1934) e tornou-se um modelo animal bem estabelecido de
HAS. Este modelo envolve a constricdo parcial das artérias renais, o que leva ao
desenvolvimento de hipertensdo renovascular. Uma variacdo desse modelo envolve a remocéo
cirdrgica de um dos rins, ou seja, a nefrectomia unilateral seguida da clipagem da artéria renal
do 6rgdo remanescente (um rim- um clip) (GOLDBLATT et al., 1934; LERMAN et al., 2019).
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Para os modelos de aterosclerose/dislipidemias sdo utilizados principalmente animais
ndo roedores alimentados com dieta hiperlipidica/hipercolesterolémica (p.ex. coelhos e cées)
devido a resisténcia dos roedores ao desenvolvimento da doenca. Os roedores apresentam um
metabolismo lipidico baseado em HDL, e ndo em LDL, como os seres humanos, sendo assim
apresentam resisténcia para o desenvolvimento das placas aterosclerdticas (LEONG; NG;
JAARIN, 2015). Além disso, outros fatores estdo atrelados a essa resisténcia: auséncia do
desenvolvimento de capa fibrotica caracteristica; o niumero reduzido de lamelas na camada
média de artérias normais de roedores em relacdo ao humanos; auséncia de vasa vosorum
medial, observada nas grandes artérias de humanos; auséncia da manifestacdo de placas
aterosclerdticas instaveis; auséncia de desenvolvimento de placas nas artérias coronarias, mas
sim na raiz da aorta, provavelmente por causa da alta frequéncia cardiaca de roedores
(LIVERO; GASPAROTTO JUNIOR, 2019).

Para superar essa resisténcia, inimeros modelos murinos geneticamente modificados
foram produzidos, incluindo os camundongos deficientes de apolipoproteina E (apoE™),
camundongos deficientes de receptor de LDL (LDLR™), Zucker Diabetic Fatty rat model
(possui uma mutacdo autossémica espontanea no gene da leptina e desenvolve um fenoétipo de
hiperfagia que conduz & obesidade mérbida e intolerancia a glicose), e os camundongos db/db
(resistentes a insulina, hiperleptinémicos e obesos). Entretanto, os modelos genéticos, além de
requererem altos investimentos, ndo séo precisamente capazes de reproduzir as condigdes
fisiopatoldgicas que determinam a evolugdo da doenca em humanos. Por esse motivo, modelos
gue promovem a associa¢do de multiplos fatores de risco sdo listados como um alternativa
plausivel para o estudo da aterosclerose em roedores (LIVERO; GASPAROTTO JUNIOR,
2019; SAVOJI et al., 2019).

Os modelos ndo genéticos mais comuns para 0 estudo da aterosclerose envolvem a
combinacdo de dieta hiperlipica associada com a indugdo cirurgica ou farmacoldgica de
alteracOes cardiovasculares e/ou metabdlicas (LIVERO; GASPAROTTO JUNIOR, 2019). O
uso isolado de dieta hiperlipidica (88% de dieta padrdo acrescida 2% de colesterol e 10% de
banha) promove os eventos iniciais da doenca, como leve espessamento da camada intima e
hipertrofia celular das camadas média e intima da aorta (WU et al., 2010). A coadministracdo
de altas doses de vitamina D3 (colecalciferol) tem a finalidade de facilitar a indugéo de lesdes
vasculares e calcificacdes teciduais leves (DIAO et al., 2018; FU et al., 2017; GAO et al., 2017,
GOU et al., 2018). Alem disso, uma alternativa vidvel é a administragdo de drogas capazes de
reduzir o metabolismo dos animais, como a droga antitireoidiana propiltiouracil (FU et al.,

2017). Outros modelos ainda associam técnicas cirdrgicas com a dieta hiperlipidica, um
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exemplo é a associacdo de hipertensdo renovascular (2K1C), desnudamento do endotélio
adrtico por raspagem do limem (através de um cateter inserido na artéria femoral esquerda) e
tratamento com dieta hiperlipidica (SASAKI et al., 1994). Ha ainda a opcao de uso de dieta
hiperlipidica (64,4% de dieta padrdo, 0,5% de colesterol, 0,1% de colato de sddio, 5% de
sacarose, 5% de banha, 5% de gordura hidrogenada e 20% de gema ovo em pd), metimazol e
vitamina D3 em ratas com remogdo cirdrgica dos ovarios, 0 que mimetiza o quadro de
menopausa em mulheres (GUARNIER et al., 2019).

Apesar dos avancos, nenhum modelo pré-existente foi capaz de reproduzir todos os
estagios da aterosclerose em roedores. A maioria dos modelos ndo genéticos descritos na
literatura envolvem combinacGes de dietas hiperlipidicas com a coadministracdo de vitamina
D3 e/ou drogas antitireoidianas. No entanto, ainda existe uma falta de consenso em relacdo aos
ingredientes e propor¢des exatas da dieta, tempo de exposicdo (variando entre 6 e 17 semanas),
uso de adjuvantes e idade dos animais para o inicio dos protocolos. Dessa forma, nota-se uma
lacuna na eficacia dos modelos ndo genéticos de aterosclerose em roedores, estimulando futuras
pesquisas a aprimorar 0s modelos existentes e estabelecer um consenso de variareis, que
propiciardo contribuicBes expressivas para a prevencao, estadiamento e tratamento da doenca
(LIVERO; GASPAROTTO JUNIOR, 2019).

2.4 Plantas Medicinais

Planta medicinal é qualquer planta, que contenha substancias que podem ser usadas para
o fim terapéutico, ou como precursoras para a sintese de drogas Uteis. Com seu uso propagado
ao longo dos séculos, ainda se apresentam como uma importante faceta nos cuidados a saude
de diversas populagdes. Estima-se que 10% de todas as plantas vasculares sejam usadas
medicinalmente (GUTHOLD et al., 2018). Sua importancia comercial é crescente. O comércio
global de plantas medicinais ultrapassou US$ 100 bilhGes por ano em 2013, e entre 2008 e
2013, as vendas de plantas medicinais cresceram 25% na Europa, dobraram na China e
triplicaram na india (SOFOWORA; OGUNBODEDE; ONAYADE, 2013).

Segundo a Politica e Programa Nacional de Plantas Medicinais e Fitoterapicos, no
Brasil, desde a década de 1970 ha incentivo para o uso de plantas medicinais. Embora o
desenvolvimento da medicina moderna seja bem estabelecido, os paises em desenvolvimento
dependem da medicina tradicional, principalmente na atencéo primaria, uma vez que 85% dos
seus habitantes utilizam plantas ou praticas da medicina tradicional para seus cuidados de satde
(BRASIL, 2016).



34

As plantas apresentam-se como um recurso importante no tratamento de doencas, seja
em seu uso popular ou como substratos na industria farmacéutica. Estima-se que 40% dos
medicamentos disponiveis no mercado seja proveniente de recursos naturais (3% de animais,
12% de microrganismos e 25% de plantas) (CALIXTO et al., 2001).

A atividade medicinal de cada planta esté correlacionada com a presenca de compostos
bioativos classificados entre metabolitos priméarios e secundarios (BRISKIN, 2000). Os
metabolitos primarios estdo relacionados a processos metabdlicos da planta (fotossintese e
transporte de solutos), dentre os quais pode-se citar as proteinas, nucleotideos, clorofila e
polissacarideos (BALANDRIN et al., 1985). Em relacdo aos metabdlitos secundarios, existem
trés classes principais: compostos nitrogenados, compostos fenolicos e terpenos que contribuem
com mais de 100.000 metabolitos secundarios presentes somente no reino vegetal. Tais
compostos desempenham funcdo na interacdo entre planta e meio ambiente, atuando como
defensores quimicos da planta, e como perpetuadores da espécie no papel de atrativos e
polinizadores (BRISKIN, 2000).

Os metabolitos secundarios sdo usados como base para a producdo de indmeros
medicamentos convencionais e fitoterapicos. Além disso, também possuem importante valor
na industria alimenticia, de cosméticos e agroquimica. Exemplos de metabdlicos secundarios
amplamente explorados pela indUstria sdo os alcaloides, terpenoides e fenilpropanoides (LI et
al., 2020).

A biossintese dos metabdlitos secundarios inicia-se nas vias basicas, como a da glicolise
e posteriormente se diversifica, sendo influenciada pelo tipo celular, pelo estagio de
desenvolvimentos e por fatores ambientais. Sendo assim, as diferentes células que compdem
um tecido de uma planta medicinal podem possuir diferentes propriedades medicinais a
depender do estagio de desenvolvimento. Sabendo que o desenvolvimento e crescimento das
plantas é influenciado diretamente por condi¢des ambientais (luminosidade, temperatura,
disponibilidade de &gua, salinidade, etc) fica evidente que as adaptacfes morfolégicas,
bioquimicas e anatémicas propiciadas pelas mudancas bidticas ou abioticas influenciam

também o acumulo de metabdlicos secundarios (BARTWAL et al., 2013).

O uso de plantas medicinais incorpora nao apenas o tratamento de doengas, mas tambéem
a prevencao. Os cuidados em saude englobam de forma proativa, a promoc¢éo de saude, a
prevencdo de doencas e 0 manejo de doencas cronicas. Sao consideradas medidas de prevencédo
primaria, a promocdo de salde e a prevengdo de doencas; e sdo consideradas medidas de

prevencdo secundarias e terciarias aquelas que se concentram no rastreio e diagnostico precoce,
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e na prevencao de agravos e complicaces, respectivamente (SOFOWORA; OGUNBODEDE;
ONAYADE, 2013).

Com cerca de 60 mil espécies vegetais catalogadas, e a maior diversidade vegetal do
planeta, o Brasil ainda tem muito o que avancar em pesquisas cientificas, visto que
aproximadamente 1.100 espécies foram investigadas quanto as suas propriedades medicinais.
Além da vasta biodiversidade, o pais ainda conta com a diversidade cultural e étnica dos seus
habitantes, o que resulta em grande acumulo de conhecimentos e técnicas tradicionais
(BRASIL, 2016).

2.5 Aloysia polystachya (Griseb.) Moldenke

Aloysia polystachya (Griseb.) Moldenke é uma das mais importantes espécies
pertencentes ao género Aloysia Palau da familia Verbenaceae. E nativa da regifo sul da Bolivia
e regido norte da Argentina, sendo amplamente cultivada como planta ornamental e medicinal.
A A. polystachya € popularmente conhecida como ka'a jagud, burrito, té-burro, poleo-riojano,
poleo-de-castilla, aloisia ou erva-serrana (MOHAMMADHOSSEINI et al., 2021). O nome do
género - Aloysia - foi atribuido em homenagem a Maria Luisa de Parma (1751-1819), esposa
do rei Carlos IV da Espanha. O epiteto especifico polystachya significa 'muitos ramos', devido
a planta possuir essa caracteristica botanica (ALONSO e DESMARCHELIER, 2006).

A A. polystachya (Figura 1) € um arbusto com altura variando entre 0,5 e 1,5 m. Os
caules tém entrends curtos e sdo glabros quando maduros. As folhas sdo alternas, estreitamente
lanceoladas-elipticas, medindo 1-5 x 0,3-1 cm, subsésseis, inteiras ao longo das margens,
agudas a obtusas no apice e agudas a atenuadas na base. As folhas, inflorescéncias e caules sdo
amplamente utilizados na medicina popular na Argentina, Bolivia, Brasil e Paraguai
(GONZALEZ et al., 2014; O’LEARY et al., 2016).
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Figura 1: Aloysia polystachya (Griseb.) Moldenke. Planta em habitat.

Em paises da América do Sul, a A. polystachya é tradicionalmente empregada para o
tratamento de desordens respiratorias, neuroldgicas, cardiovasculares e gastrointestinais; como
antiemético, antidermatdtico, digestivo, analgésico, antihipertensivo e sedativo (CAMPOS-
NAVARRO; SCARPA, 2013; FILIPOV, 1994; HELLION-IBARROLA et al., 2006).

A infusdo de folhas é tradicionalmente utilizada na regido da Grande Dourados em Mato
Grosso do Sul, Brasil, para tratar distdrbios digestivos e cardiovasculares. No Centro-Oeste do
Brasil, é frequentemente adicionada ao tereré (bebida tradicional gelada), pois possui sabor
mentolado e refrescante (COELHO et al., 2019). A espécie ainda consta no recém-publicado
Formulério de Fitoterapia da Farmacopeia Brasileira, 2% edi¢do, no qual a A. polystachya é
indicada para o tratamento de sintomas dispépticos (como colicas e distensdo abdominal) e
como ansiolitico fraco (ANVISA 2021). Costa de Melo et al. (2019) relataram que A.
polystachya é usada na medicina popular para aliviar a ansiedade e a depressdo. Usos populares
semelhantes foram relatados por Del Vitto et al. (1997) e Hellion-1barrola et al. (2006). Filipov
(1994), entrevistou indios Pilagd, pertencentes a familia linguistica Guaicuruyana, e citaram A.
polystachya usando “as(e)na” como nome popular, relatando o uso medicinal da
infuséo/decoccdo das folhas para tratar dores gastrointestinais, resfriados e para o tratamento
de tosse.

Outra pesquisa etnobotanica urbana feita na Argentina, entrevistou imigrantes
bolivianos do mercado boliviano de Liniers. Os dados apontam que A. polystachya é utilizada

para aromatizar bebidas, adicionada ao mate em sua forma fresca ou usada para fazer chas
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medicinais. Entre os potenciais efeitos citados estavam a atividade sedativa, digestiva,
antiespasmadica, hepatoprotetora, carminativa e antiemética (POCHETTINO et al., 2012).

Estudo semelhante realizado na Argentina com 100 migrantes paraguaios, relatou o uso
popular de folhas de A. polystachya adicionadas no “mate” (versdo quente) e “tereré” (versao
fria), bebidas tipicas preparadas com as folhas da llex paraguariensis A.St.-Hil. Os
participantes informaram que a espécie é empregada para tratar problemas de digestdo, dores
de estdbmago e hipertensdo (KUJAWSKA, 2018). Migrantes poloneses que vivem nos
subtropicos da Argentina cultivam amplamente a A. polystachya em quintais, a planta €
consumida com o ‘mate’ para melhorar o sabor e como digestivo (KUJAWSKA; PARDO-DE-
SANTAYANA, 2015).

Em pesquisa realizada na Argentina em materiais bibliograficos historicos e
contemporaneos sobre o empacho (uma sindrome culturalmente ligada a um disturbio
digestivo), menciona propriedades terapéuticas antiespasmadicas, carminativas e hepéticas de
A. polystachya. Além dos nomes populares citados anteriormente, o estudo cita “poleo de
Castilla”, e descreve a espécie como uma das plantas mais citadas para tratar empacho, por
decoccdo e ingestdo de folhas (CAMPOS-NAVARRO; SCARPA, 2013).

Salm et al. (2021) realizaram um levantamento etnofarmacol6gico na Bolivia com 361
informantes de quatro etnias indigenas, e o uso popular de partes aéreas de A. polystachya foi
citado pelo grupo Chiquitano na fase cronica da doenca de Chagas para tratar sintomas
cardiovasculares.

Estudos fitoquimicos realizados por Cromatografia Liquida Acoplada a Espectrometria
de Massas (LC-MS) em preparacdes de A. polystachya (folhas e partes aéreas) identificaram a
prevaléncia de flavonoides e fenilpropanoides glicosilados, além de iridoides e nucleosideos.
Mohammadhosseini et al. (2021) realizaram estudos por cromatografia gasosa acoplada a
espectrometria de massas com o0s 6leos essenciais obtidos por hidrodestilacdo, e identificaram
principalmente monoterpenos e sesquiterpenos, incluindo os monoterpenos carvona, limoneno
e a-tujona, que foram observados com maior porcentagem relativa.

Os flavonoides presentes na A. polystachya incluem estruturas glicosiladas e ndo
glicosiladas, sendo eles flavonois, flavonas e flavan-3-6is. Por exemplo, os flavondis
quercetina, kaempferol e isorhamnetina; as flavonas apigenina e velutina; e os flavan-3-ols
catequina e epigalocatequina. Os flavonoides e outros componentes fenolicos séo reconhecidos
por suas propriedades antioxidantes e na libera¢do do dxido nitrico, influenciando diretamente
e indiretamente o tonus vascular e a pressdo arterial (ACTIS-GORETTA; OTTAVIANI;

FRAGA, 2006). Alem disso, os glicosideos (p.ex fenilpropanoides) também sdo comumente
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encontrados em A. polystachya, estes incluem o acteosideo e a rosidirina, que s&o constituintes
relacionados com significativos efeitos antioxidantes (MARQUES et al., 2021).

Em relacdo aos ensaios farmacoldgicos, algumas atividades bioldgicas foram descritas
para a espécie. A maioria dos estudos estd focada em validar os usos etnofarmacologicos de A.
polystachya. Um estudo in vitro avaliou a atividade antioxidante do extrato hidroalcoolico de
A. polystachya utilizando o ensaio de capacidade antioxidante equivalente Trolox. Os autores
mostraram que cada mililitro do extrato tem uma atividade antioxidante total equivalente a
aproximadamente 0,83 mg de Trolox (AGUADO et al., 2013). Moller et al. (2020) avaliaram
no mesmo estudo as atividades antioxidante e antiproliferativa do 6leo essencial das folhas de
A. polystachya. Os testes mostraram atividade antioxidante significativa quando comparados
aos controles e efeitos antiproliferativos significativos contra trés linhagens de células
cancerigenas.

A atividade antibacteriana do 6leo volatil de A. polystachya também foi avaliada. Os
resultados mostraram atividade bactericida contra Escherichia coli ATCC 35218, bem como
isolados clinicos de Enterobacter cloacae, Klebsiella pneumoniae, Staphylococcus aureus
ATCC 29212, S. aureus ATCC 25923 e S. aureus sensiveis a meticilina (PEREZ-ZAMORA et
al., 2016). O extrato hidroalcoolico também apresentou atividade bactericida contra cepas de
Staphylococcus (AGUADO et al., 2016).

Uma fragdo solivel em etanol proveniente da infusdo de A. polystachya foi administrada
em SHR (30, 100 e 300 mg/kg) para investigar os efeitos cardioprotetores da espécie por via
oral em um tratamento de 28 dias. Os resultados sugerem que o tratamento prolongado
normalizou as alteracdes renais, eletrocardiograficas e hemodinamicas induzidas pela
hipertensdo, e modulou positivamente a reatividade vascular arterial mesentérica e renal,
evidenciando um efeito cardioprotetor significativo (MARQUES et al., 2021).

Hellion-Ibarrola et al. (2006) encontraram efeito ansiolitico para o extrato
hidroetandlico obtido das folhas de A. polystachya por meio da ampliacdo da sedacdo induzida
pelo pentobarbital. Os autores sugerem que a atividade ansiolitica é provavelmente mediada
por outro mecanismo que ndo a modulacdo do sitio de ligagdo dos benzodiazepinicos nos
receptores GABAa. Em 2008, o perfil antidepressivo do mesmo extrato e alguns componentes
da fracdo acetato de etila foi mapeado. Sua atividade foi comprovada através de uma redugéo
significativa do tempo de imobilidade de camundongos no teste de natagdo forcada (HELLION-
IBARROLA et al., 2008).

Um estudo comportamental também avaliou os efeitos da administracao intraperitoneal

do extrato hidroalcoolico das folhas de A. polystachya em ratas Sprague—Dawley. Todas as
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doses de extrato aumentaram a exploracdo nos bracos abertos do labirinto em cruz elevado,
com efeitos semelhantes ao observado com o diazepam. No teste de natacdo forgada, o efeito
do extrato foi semelhante ao observado com a fluoxetina e a imipramina, reduzindo a
imobilidade dos animais. Os autores sugerem que 0S componentes tujona e a carvona, entre
outros, podem ter propriedades sedativas, ansioliticas e antidepressivas (MORA et al., 2005).

Para confirmar os dados obtidos nos estudos pré-clinicos, foi realizado um ensaio clinico
de fase 2, randomizado, duplo-cego, controlado por placebo, com 54 pacientes adultos. O
extrato hidroalcodlico de A. polystachya foi encapsulado e a maltodextrina foi utilizada como
placebo. Os participantes foram instruidos a tomar uma cépsula (300 mg) duas vezes ao dia,
durante 8 semanas. Os sintomas de ansiedade foram avaliados pela Escala de Avaliacdo de
Ansiedade de Hamilton. Os resultados demonstraram uma diminui¢do estatisticamente
significativa nos escores da escala apds quatro e oito semanas de tratamento, indicando um
efeito ansiolitico significativo (CARMONA et al., 2019).

Os estudos que avaliaram a toxicidade da A. Polystachya séo escassos, entretanto,
existem dados que sugerem auséncia de toxicidade para determinadas extracdes. Marques et
al. (2021) avaliaram a toxicidade da fracdo solivel em etanol de folhas e caule de A.
polystachya. Uma dose Unica de 2.000 mg/kg foi oralmente administrada para ratas Wistar
fémeas e os animais foram observados periodicamente durante duas semanas. N&o foram
observados sinais de toxicidade aguda nem letalidade. Da mesma forma, Hellién-Ibarrola et al.
(2006), utilizando partes aéreas de A. Polystachya, produziram um extrato hidroetanolico e
administraram as doses de 30, 100, 300, 600 e 1.000 mg/kg via intraperitoneal, e as doses de
100, 300, 600, 1.000, 2.000 e 3.000 mg/kg via oral a camundongos machos albinos suicos. Os
animais foram observados periodicamente durante duas semanas e nenhuma evidéncia de

toxicidade foi observada em todas as doses testadas.

3 OBJETIVOS

GERAL

Desenvolver e validar um modelo de multiplos fatores de risco cardiovascular em ratos,
associando HAS, hipotireoidismo e dislipidemia (etapa 1) e avaliar os efeitos cardioprotetores
de Aloysia polystachya utilizando um modelo experimental de IAM (etapa 2) e outro de

maultiplos fatores de risco cardiovascular (etapa 3).
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ESPECIFICOS

Etapa 1:

- Induzir a hipertensdo renovascular (2K1C) em ratos Wistar;

- Induzir o hipotireoidismo por meio de tireoidectomia em diferentes animais
hipertensos, incluindo ratos SHR e 2K1C,;

- Induzir a dislipidemia por meio de tratamento com dieta hiperlipidica;

- Mensurar o volume urinario, o pH, a densidade, e a excrecéo de eletrolitos e creatinina
nos diferentes grupos experimentais;

- Avaliar a atividade elétrica cardiaca (por meio do eletrocardiograma) e a pressdo
arterial sistélica, diastolica, média e a frequéncia cardiaca (pelo método direto nos diferentes
grupos experimentais);

- Investigar a reatividade vascular em leito mesentérico isolado e perfundido sob a
administracdo de diferentes substancias vasoativas;

- Mensurar diferentes parametros bioquimicos séricos;

- Avaliar histologicamente e morfometricamente as amostras de coracéo, rim, figado e
artérias subclavia e cardtida obtidas dos diferentes grupos experimentais;

- Identificar o grupo mais efetivo para a validagdo do modelo experimental.

Etapa 2

- Investigar a composicao fitoquimica do 6leo essencial produzido a partir das folhas de
Aloysia polystachya;

- Identificar as trés doses de tratamento, a partir dos relatos de uso popular da espécie;

- Avaliar a toxicidade aguda do 6leo essencial de A. polystachya em ratos;

- Induzir o hipotireoidismo cirdrgico em ratos SHR;

- Induzir dislipidemia por meio de uma dieta hiperlipidica;

- Realizar o tratamento com trés diferentes doses do 6leo essencial de A. polystachya,
por 42 dias;

- Mensurar o volume urinario, o pH, a densidade, e a excrecédo de eletrdlitos e creatinina
nos diferentes grupos experimentais;

- Avaliar a atividade elétrica cardiaca (por meio do eletrocardiograma) e a pressao
arterial sistdlica, diastélica, média e a frequéncia cardiaca (pelo método direto nos diferentes
grupos experimentais);

- Investigar a reatividade vascular em leito mesentérico isolado e perfundido sob a

administracdo de diferentes substancias vasoativas;
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- Mensurar diferentes parametros bioquimicos séricos;
- Avaliar histologicamente e morfometricamente as amostras de coracéo, rim, figado e

artérias subclavia e cardtida obtidas dos diferentes grupos experimentais.
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Abstract: Cardiovascular disease (CVD) is the leading cause of death among non-communicable
diseases. There is a lack of valid animal models that mimic associations among multiple cardio-
vascular risk factors in humans. The present study developed an animal model that uses multiple
cardiovascular risk factors—namely, hypertension, hypothyroidism, and a high-fat diet (HFD). Two
models of hypertension were used: renovascular hypertension (two-kidney, one clip [2K1C]) and
spontaneously hypertensive rats (SHRs). The naive group was composed of normotensive rats.
Twelve weeks after surgery to induce renovascular hypertension, rats in the 2K1C and SHR groups
underwent thyroidectomy. The HFD was then implemented for 6 weeks. Renal function, serum
redox status, biochemical CVD markers, electrocardiographic profile, blood pressure, mesenteric
vascular bed reactivity, histopathology, and morphometry were investigated. Both experimental
models induced dyslipidemia, renal function impairment, and hepatic steatosis, accompanied by
higher levels of different inflammatory markers and serum oxidative stress. These alterations con-
tributed to end-organ damage in all hypertensive rats. Our findings corroborate a viable alternative
model that involves multiple cardiovascular risk factors and resembles conditions that are seen
in humans. Both models mimicked CVD, but our data show that SHRs exhibit more significant
pathophysiological changes.

Keywords: animal models; cardiovascular disease; dyslipidemia; renal impairment

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death among non-communicable
diseases globally, corresponding to an estimated 17.8 million deaths in 2017. Deaths
from CVD increased by 21.1%, but death rates decreased from 259.9 to 233.1 deaths per
100,000 population in 10 years [1].

Understanding cardiovascular risk factors is fundamental for the prevention, detection,
and control of CVD [2]. These risk factors include unhealthy nutrition, physical inactivity,
dyslipidemia, hyperglycemia, high blood pressure, obesity, endocrine metabolic dysfunc-
tion, older age, smoking, and kidney dysfunction, with sex differences and associations
with race/ethnicity [3].
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Hypertension is characterized by persistently high systolic blood pressure (SBP) and
diastolic blood pressure (DBP) in systemic arteries. For the outpatient diagnosis, SBP
and DBP must be >140 and 90 mmHg, respectively [4]. Several etiologies can underlie
hypertension. Most patients (90-95%) have highly heterogeneous essential hypertension
with multifactorial gene—environment etiology [5]. Hypertension rarely occurs in isolation
and often coexists with other cardiovascular/metabolic risk factors, such as dyslipidemia
and glucose intolerance [4].

Hypertension and dyslipidemia can significantly damage the vascular endothelium,
leading to impairments in vasomotor activity and creating a feedback loop that aggravates
the progression of hypertension and atherosclerotic disease [6]. In addition to genetic
conditions, both hypertension and dyslipidemia are possibly influenced by an unhealthy
diet. Positive caloric balance and high body fat are independent risk factors for CVD. Diets
with high levels of saturated fat, cholesterol, sodium, sugar, and alcohol are associated with
a higher risk of CVD [3]. Nutrient metabolism and body weight can also be disturbed by
changes in thyroid hormones. Thyroid hormones regulate cardiac gene expression and
influence nitric oxide production and vascular tone. Thus, hypertension, dyslipidemia, and
hypothyroidism constitute an important deleterious triad that impacts the cardiovascular
system [7].

We identified an important gap in animal models that are useful for studying asso-
ciations among multiple risk factors that are related to the genesis and exacerbation of
CVD. Such models would be plausible alternatives to mimic conditions that are prevalent
in human patients [8,9]. The main objective of the present study was to develop an animal
model that involves multiple risk factors for CVD that are associated with hypertension,
hypothyroidism, and dyslipidemia in male rats.

2. Results
2.1. Behavioral Pattern and Body Weight Gain

Behavioral patterns and body weight gain were not significantly different between the
naive, two-kidney-one-clip (2K1C), and spontaneous hypertensive rat (SRH) groups (data
not shown).

2.2. Renal Function

Urinary parameters in the different experimental groups are shown in Table 1. pH
significantly decreased in all groups that were fed the high-fat diet (HFD). Urinary density
significantly increased in the 2K1C group, compared with that in the naive group. Levels
of urinary chloride, potassium, sodium, and creatinine significantly decreased in the 2K1C
and SHR groups, compared with the levels of those parameters in the naive group.

Table 1. Urinary parameters of the different experimental groups at the end of 6 weeks of treatment
with the high-fat diet.

Parameter Naive 2K1C SHR

Urinary volume (mL/100 g/24 h) 30.83 £ 6.82 23.26 + 4.67 26.63 + 8.00
pH 8.01 £0.44 744 +£0252 719+020°
Density 1015 £ 7.81 1025 +4.002 1023 4 4.42

Chloride (umol/100 g/24 h)
Potassium (umol/100 g/24 h)
Sodium (umol/100 g/24 h)
Urea (mg/100 g/24 h)
Creatinine (mg/100 g/24 h)

1033.12 £ 121.22
844.21 £ 85.11
1311.61 £178.11
105.51 £ 25.22
2.66 £ 0.36

657.12 £85.212
534.23 +56.23 2
855.21 +87.342
109.12 £ 22.31
1.33£0292

700.66 + 34.32 2
602.11 4 45.66 2
867.14 +77.66 2
111.22 £ 30.11
1.55+0.30°

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as standard error of the mean (mean + SEM). n = 8 rats per group. ® p < 0.05 when compared with
naive group. 2K1C: two-kidney-one-clip hypertension; SHR: spontaneously hypertensive rat.
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2.3. Electrocardiography

Electrocardiographic parameters in the different experimental groups at the end of
6 weeks of the HFD are shown in Table 2. The SHR group exhibited significant increases in
QT and QTC segments, compared with the naive group. All other electrocardiographic
parameters did not change in any of the experimental groups.

Table 2. Electrocardiographic parameters of the different experimental groups at the end of 6 weeks
of treatment with the high-fat diet.

Parameter Naive 2K1C SHR

P segment (ms) 31.75 £ 6.20 32.38 +7.05 37.33 +6.30
PR segment (ms) 41.00 +=5.75 38.75 + 10.79 44.00 + 8.54
QRS segment (ms) 4550 + 4.95 54.88 4 9.09 54.33 4 8.68
QT segment (ms) 98.75 + 11.56 113.50 + 12.68 145.40 + 16.74 2
QTC segment (ms) 165.40 + 42.19 176.40 4 24.80 24540 + 36922
P wave (mV) 0.04 £ 0.02 0.03 £ 0.01 0.05 £ 0.01
Q wave (mV) —0.01 4+ 0.01 —0.05 £ 0.09 —0.02 £ 0.02
R wave (mV) 0.28 £+ 0.05 0.25 + 0.09 0.31 4+ 0.05

S wave (mV) —0.001 4 0.001 —0.001 £ 0.001 —0.001 + 0.001

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as standard error of the mean (mean + SEM). n = 8 rats per group. ? p < 0.05 when compared with
naive group. 2K1C: two-kidney-one-clip hypertension; SHR: spontaneously hypertensive rat.

2.4. Blood Pressure and Heart Rate

The 2K1C and SHR groups had significantly higher SBP, DBP, and mean arterial
pressure (MAP) than the naive group. The 2K1C and SHR groups had significantly lower
heart rates (HR) than the naive group (Table 3).

Table 3. Blood pressure and heart rates of the different experimental groups at the end of 6 weeks of
treatment with the high-fat diet.

Parameter Naive 2K1C SHR

SBP (mm Hg) 98.60 + 24.27 164.10 +=24.76 @ 144.80 +10.10 2
DBP (mm Hg) 63.79 £ 3.61 100.95 + 14.50 @ 99.39 +7.86 2
MAP (mm Hg) 80.22 + 16.05 121.56 +12.392 115.79 +8.222
HR (bpm) 246.00 £+ 11.56 178.60 +20.42 4 153.00 - 21.88 @

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as standard error of the mean (mean + SEM). n = 8 rats per group. * p < 0.05 when compared with
naive group. 2K1C: two-kidney-one-clip hypertension; DBP: diastolic blood pressure; HR: heart rate; MAP: mean
arterial pressure; SBP: systolic blood pressure; SHR: spontaneously hypertensive rat.

2.5. Mesenteric Vascular Bed Reactivity

Vascular reactivity in the mesenteric vascular bed (MVB) in the different experimental
groups is shown in Table 4. All animals in the SHR group exhibited a significant reduction
in the phenylephrine (Phe; 3, 10, and 30 nmol)-induced vasoconstrictor response compared
with those in the naive group. All other parameters did not significantly change.

Table 4. Mesenteric vascular reactivity of the different experimental groups at the end of 6 weeks of
treatment with the high-fat diet.

Parameter Naive 2K1C SHR
Phe (nmol)

3 17.90 £ 7.92 8.96 4+ 5.47 3.524+1.932
10 39.23 + 8.07 2490 + 11.11 17.08 £7.494

30 76.90 + 12.13 57.38 £ 21.90 36.83 +9.402
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Table 4. Cont.

Parameter Naive 2K1C SHR

100 102.74 + 21.98 94.66 + 28.64 78.05 4+ 31.29
ACh (nmol)

0.3 —5.06 £ 1.19 —3.70 £1.20 —5.06 £1.72
1 —5.93 +1.90 —5.59 +2.05 —7.71 +£2.98
3 —6.35 + 2.05 —4.96 + 2.76 —421+1.97
10 —6.04 + 2.66 —6.34 +2.18 —7.60 £1.54
SNP (nmol)

0.03 —6.18 £ 2.52 —7.12 +£2.18 —8.70 £+ 3.56
0.1 —9.74 + 3.39 —7.62 +2.50 —8.07 £4.33
0.3 —14.50 + 4.82 —17.85 +£3.13 —15.58 + 3.81
1 —22.72 + 8.00 —19.44 +6.78 —19.76 £ 6.79

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as standard error of the mean (mean £ SEM). 1 = 8 rats per group. ? p < 0.05 when compared with naive
group. 2K1C: two-kidney-one-clip hypertension; ACh: acetylcholine; Phe: phenylephrine; SHR: spontaneously
hypertensive rat; SNP: sodium nitroprusside.

2.6. Blood Analyses

Alanine aminotransferase (ALT) levels significantly increased in the 2K1C group
compared with its levels in the naive group (Table 5). Serum lipid levels, including triglyc-
erides, total cholesterol, low-density lipoprotein cholesterol (LDL-C), and very-low-density
lipoprotein cholesterol (VLDL-C), significantly increased in the 2K1C and SHR groups
compared with the levels observed in the naive group. The SHR group had significantly
higher serum total cholesterol and LDL-C than the 2K1C group (Table 5). Serum urea levels
in the 2K1C and SHR groups were significantly higher than those in the naive group. The
SHR group had significantly lower serum creatinine levels than the 2K1C group (Table 5).

Table 5. Biochemical parameters of the different experimental groups at the end of 6 weeks of treatment

with the high-fat diet.
Parameter Naive 2K1C SHR
AST (U/L) 193.40 + 62.51 205.00 + 61.02 183.40 + 49.51
ALT (U/L) 56.00 4 12.46 92.67 +10.99 @ 73.57 £ 11.12
Triglycerides (mg/dL) 18.75 + 6.65 492.7 + 143202  551.20 £ 160.00 2
Total cholesterol (mg/dL) 89.40 +17.17 127.20 +14.962  175.20 + 17.03 2b
HDL-C (mg/dL) 31.00 + 10.32 28.67 + 15.10 22.14 + 8.97
LDL-C (mg/dL) 66.65 + 10.64 102.33 + 15.34 2 215.40 4+ 7.072b
VLDL-C (mg/dL) 3.20 £+ 1.69 98.53 + 28.64 @ 123.00 +8.032
Urea (mg/dL) 27.75 + 3.59 4433 +7.392 38.60 £ 6.912
Creatinine (mg/dL) 0.70 £ 0.21 0.90 + 0.12 0.58 +£0.13b

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as standard error of the mean (mean + SEM). n = 8 rats per group. * p < 0.05 when compared with
naive group. ? p < 0.05 when compared with 2K1C group. 2K1C: two-kidney-one-clip hypertension; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; SHR: spontaneously hypertensive rat.

The SHR and 2K1C groups had significantly higher nitrotyrosine (NT), malondialde-
hyde (MDA), and oxidized low-density lipoprotein (0xLDL) levels than the naive group.
Levels of oxLDL in the SHR group were significantly higher than those in the 2K1C group
(Figure 1). All rats in the SHR group had higher levels of soluble vascular cell adhesion
molecule-1 (sVCAM-1), soluble intercellular adhesion molecule-1 (sSICAM-1), interleukin-6
(IL-6), and IL-1f3 than the rats in the naive group. The SHR group also had significantly
higher sVCAM-1, sSICAM-1, IL-6, and IL-1§3 levels than the 2K1C group (Figure 2).
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Figure 1. Oxidative/nitrosative stress markers in normotensive and hypertensive high-fat-fed rats.
Serum nitrotyrosine (A), malondialdehyde (B), and oxidized low-density lipoprotein levels (C) are
presented. The data are expressed as mean + standard error of the mean. a p < 0.05 when compared
with naive; b p < 0.05 when compared with 2K1C group. 2K1C: two-kidney-one-clip hyperten-
sion; MDA: malondialdehyde; NT: nitrotyrosine; oxLDL: oxidized low-density lipoprotein; SHR:

spontaneously hypertensive rats.
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Figure 2. Serum interleukins and soluble adhesion molecule levels in normotensive and hypertensive
high-fat-fed rats. Serum sVCAM-1 (A), sSICAM-1 (B), IL-6 (C), and L-1$3 (D) levels are shown. The data
are expressed as mean =+ standard error of the mean. a p < 0.05 when compared with naive; b p < 0.05
when compared with 2K1C group. 2K1C: two-kidney-one-clip hypertension; IL-13: interleukin-1f3;
IL-6: interleukin-6; SHR: spontaneously hypertensive rats; SICAM-1: soluble intercellular adhesion

molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1.

2.7. Relative Organ Weight

The SHR and 2K1C groups had significantly higher heart and liver relative weights
than the naive group. The relative weight of the right kidney was not altered in any of the
experimental groups (Table 6).

Table 6. Relative organ weight and cardiac morphometry of the different experimental groups at the
end of 6 weeks of treatment with the high-fat diet.

Parameter Naive 2K1C SHR

Heart (%) 0.23 £ 0.01 0.31+0.022 0.32+0.022
Right kidney (%) 0.30 4+ 0.01 0.31 £+ 0.06 0.32 +0.02
Liver (%) 2.78 £ 0.34 3.39+0.162 4.08 +£0.302
Right ventricle (mm) 0.78 £0.15 094 +0.142 0.73 £0.10
Left ventricle (mm) 1.65 4+ 0.20 1.76 + 0.34 1.52 +0.27
IV septum (mm) 1.67 + 0.35 212 4+0.182 2.07 £0.532

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as standard error of the mean (mean &+ SEM). n = 8 rats per group. ® p < 0.05 when compared with naive
group. 2K1C: two-kidney-one-clip hypertension; IV: interventricular septum; SHR: spontaneously hypertensive rat.
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2.8. Histopathology and Morphometry

No histopathological changes were observed in the naive group. The SHR and 2K1C
groups that were fed the HFD exhibited significant liver alterations, including micro- and
macrovacuolization and diffuse swelling in the cytoplasm of hepatocytes. We also observed
individual cell necrosis and mononuclear inflammatory infiltrate in the liver parenchyma
(Figure 3). Clipped kidneys in the 2K1C group presented a focal area with the deposition
of fibrous tissue, mononuclear inflammatory infiltrate, thickening of the renal capsule, and
multifocal areas of calcification. The other organs did not present significant alterations

(Figure 3).

Figure 3. Representative histological sections of the liver (A), kidney (B), heart (C), and aorta artery
(D) from normotensive and hypertensive high-fat-fed rats. The black arrows show micro and macro
vacuolization and diffuse swelling of the hepatocyte’s cytoplasm. Empty-core arrows show necrosis
in the liver. Empty-core arrowhead shows interstitial mononuclear inflammatory infiltrate. The
black arrowhead shows thickening of the renal capsule in the remaining corpuscles and multifocal
areas of calcification. H&E (40x). 2K1C: two-kidney-one-clip hypertension; SHR: spontaneously
hypertensive rats.

Cardiac morphometry in the different experimental groups at the end of 6 weeks of
the HFD is shown in Table 6. The thickness of the interventricular septum significantly
increased in the SHR and 2K1C groups, compared with that in the naive group. The
2K1C group also exhibited significant thickening of the posterior wall of the right ventricle,
compared with the naive group.

3. Discussion

Hypertension, dyslipidemia, unhealthy nutrition, and hormonal alterations are known
to strongly correlate with worse cardiovascular outcomes, either in the presence or absence
of CVD [10]. Although CVD is a global health problem, animal models that combine mul-
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tiple cardiovascular risk factors are scarce [11]. The present study developed an effective
animal model that mimics human conditions of multiple cardiovascular risk factors. We
used two classic animal models of experimental hypertension that were associated with
HFD and hypothyroidism. After 6 weeks, both experimental models exhibited signifi-
cant dyslipidemia, oxidative stress, and renal, vascular, and cardiac impairments that are
suggestive of CVD.

The main difference between the two experimental models that were used in the
present study is related to the genesis of hypertension. One model involved renovascular
hypertension (2K1C), and the other model used inbred rats with spontaneous hypertension
(SHR). The 2K1C model was first described by Goldblatt et al. and has become a well-
established animal model of hypertension [12]. This model involves partial constriction of
the renal arteries, which leads to the development of renovascular hypertension [12]. By
clipping the renal artery, the renin-angiotensin system is activated, inducing the upregula-
tion of renin release in the first weeks after surgery and leading to increases in angiotensin
II and hypertension. Constriction of the renal arteries closely mimics the pathophysiology
of their human analog, but renovascular hypertension represents only a small fraction
of manifestations of clinical hypertension [13,14]. Spontaneous hypertensive rats are the
most widely used animal model of essential hypertension. This model induces cardiac
and renal impairment, without a direct relationship with chronic kidney disease [15]. The
SHR strain of rats originated in Kyoto, Japan, by crossing Wistar rats that exhibited sponta-
neous elevations of BP. Survival of the strain was possible through inbreeding over several
generations [16].

The main goal of the development of animal models is to improve approaches to
prevent and treat hypertension and its complications. Hypertension is a multifactorial het-
erogeneous disorder, with significant variability in the pharmacokinetic/pharmacodynamic
drug response. Thus, understanding this pathological variability in different animal mod-
els is fundamental for accurate and reliable preclinical trials [16]. In the present study,
both experimental models exhibited dyslipidemia, renal function impairment, and hep-
atic steatosis, accompanied by high levels of various inflammatory markers and serum
oxidative stress. Consequently, these alterations contributed to end-organ damage in all
hypertensive rats.

Hypertension is associated with renal damage and progressive renal disease. High
BP can disturb the autoregulation of renal capillary perfusion, thereby activating the
inflammatory response [17]. Alterations in urea and creatinine levels are considered
important biomarkers of renal disease progression. Urine volume and renal electrolyte
excretion are also closely related to renal function [18]. In the present study, both the
SHR and 2K1C groups exhibited significant decreases in urinary electrolyte excretion
and increases in serum urea, compared with naive rats. Interestingly, although both
experimental models significantly reduced renal creatinine clearance, only the SHR group
exhibited significant elevations of serum creatinine levels. Both models of hypertension
promoted renal impairment, with more pronounced changes in the SHR group.

Both experimental models significantly altered lipid metabolism, causing increases in
cholesterol and triglyceride levels and LDL-C oxidation. High levels of blood lipids and
oxLDL particles are thresholds for atherogenesis. IL-13 and IL-6 are cytokines that mediate
the retention of oxLDL molecules in the inner layer of arteries. The expression of sVCAM-1,
sICAM, and E-selectin is then stimulated, acting as adhesion molecules on the endothelial
surface [19]. This process leads to the migration of monocytes to the subendothelial space
and their differentiation into macrophages. Macrophages recognize oxLDL in phagocytes,
the origin of foamy cells that are characteristic of atherosclerotic lesions [20]. Although
our data show that both the SRH and 2K1C groups had high serum oxLDL, cytokines,
and soluble adhesion molecules, these increases were higher in SHRs, suggesting a more
aggressive profile for the CVD model.

Another important difference between the two models of hypertension that were used
herein refers to cardiac electrical activity. QT and QTC segments were significantly higher
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in the SHR group than in the naive and 2K1C groups. QTC prolongation is related to a
delay in ventricular repolarization and may lead to potentially life-threatening arrhythmia.
QTC prolongation is often related to drug therapy, risk factors for which include old
age, female sex, CVD, electrolyte abnormalities, thyroid disease, type 2 diabetes mellitus,
and bradycardia [21]. In a study by Coan et al., male SHRs also exhibited higher QTC
segments than normotensive control animals [22]. Similarly, all animals in the SHR group
exhibited a significant reduction in the Phe-induced vasoconstrictor response compared
with normotensive untreated rats. The vascular endothelium is responsible for producing
several vasoactive substances, and dysfunctions in its physiology may affect important
hemodynamic functions, aggravating CVD severity and evolution [23].

Histopathological and morphometric analyses showed significant changes that were
induced in both experimental models of CVD. In the liver, the HFD and oxidative stress
induced significant hepatic steatosis, accompanied by an increase in organ relative weight.
The accumulation of dysfunctional ectopic fat in the liver is closely related to adverse
cardiometabolic outcomes. The underlying mechanisms that link steatosis to CVD are
complex and simultaneously involve several different pathways, including epigenetic,
endothelial, inflammatory, atherogenic, metabolic, and gut microbiome factors. There is a
current consensus that the presence of hepatic steatosis is an important indicator of poor
prognosis for CVD [24]. In the present study, the changes in the heart were predictable in
both hypertensive models, including an increase in relative weight and the thickening of
cardiac chambers. These alterations worsen over the course of the disease and tend to be
more severe with higher BP, thereby justifying the thickening of the right ventricle wall
only in 2K1C rats (i.e., the group with the highest BP values) [10,25].

The present study had an important limitation. We were unable to identify the pres-
ence of atherosclerotic lesions in the arterial branches. Important biochemical alterations
are strongly related to atherogenesis. The inability to identify atherosclerotic lesions is likely
attributable to the natural resistance of rodents to short-term atherogenic factors [26]. We
believe that maintaining this model for 8 or 12 weeks will lead to significant atherosclerotic
lesions or contribute to other morphological changes that are characteristic of hyperten-
sive disease.

In summary, the present study evaluated two new models of the rapid induction of
heart disease in rats, which is associated with hypertension, hypothyroidism, and HFD.
The present findings open new perspectives for preclinical studies of heart disease that is
caused by multiple risk factors.

4. Materials and Methods
4.1. Drugs

The following drugs, salts, and solutions were used: ketamine hydrochloride (Syntec,
Sao Paulo, SP, Brazil), xylazine hydrochloride (Syntec, Sao Paulo, SP, Brazil), isoflurane
(BioChimico, Rio de Janeiro, RJ, Brazil), and heparin (Hipolabor, Belo Horizonte, MG,
Brazil). Phenylephrine, sodium nitroprusside (SNP), acetylcholine (ACh), NaCl, KCl,
CaClp, MgSO4, NaHCO3, KHpPOy, dextrose, ethylenediaminetetraacetic acid, cholesterol,
and colic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). All the other
reagents were obtained in analytical grade.

4.2. Animals and Experimental Design

For this study, 12-week-old male Wistar—Kyoto rats and SHRs were housed in envi-
ronmentally enriched plastic cages at 22 °C £ 2 °C, 55% =+ 10% humidity, and a light/dark
cycle of 12 h/12 h. These animals have ad libitum access to food and water. All experi-
mental procedures were approved by the Institutional Ethics Committee of the Federal
University of Grande Dourados (Protocol No. 10/2020) and were performed in accordance
with the Brazilian Legal Framework on the Scientific Use of Animals.
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The animals were randomized and divided into three experimental groups (1 = 8/group):
two groups of hypertensive rats (2K1C and SHR) and one normotensive group of naive rats
(Figure 4).

2K1C

Naive (Wistar-Kyoto

with SHR
renovascular
hypertension)

(Wistar-Kyoto)

12 weeks

SD HFD HFD I6 weeks

Renal Function Assay

ECG, BP measurement, MVB
reactivity measurement,
biochemical and histopathological
analysis

Figure 4. Experimental design: 2K1C: two-kidney-one-clip; HFD: high-fat diet; BP: body pressure;
ECG: electrocardiography; MVB: mesenteric vascular bed; SHR: spontaneously hypertensive rats;
TX: thyroidectomy.

4.3. Experimental Procedures
4.3.1. Induction of Renovascular Hypertension

Renovascular hypertension was induced using procedures that were previously de-
scribed by Ikawa et al. [27], with some modifications. Initially, the rats were anesthetized
via isoflurane inhalation (1-2%) in a saturation chamber. The left renal artery was exposed
by median laparotomy and dissected from the renal vein and connective tissue. A 0.25 mm
lumen silver clip was attached to the left renal artery to cause partial occlusion. The muscle
layer and skin were then sutured. At the end of the surgery, all animals received postoper-
ative care for 3 days, including hydration, a sterile dressing, analgesia (0.2% meloxicam,
5 mg/kg, subcutaneously), and antibiotic therapy (10 mg/kg enrofloxacin, subcutaneously).

4.3.2. Thyroidectomy

Eighty-four days after surgery to induce renovascular hypertension, the rats in the
2K1C and SHR groups underwent thyroidectomy. Total thyroidectomy was performed
according to Patel et al. (2013) [28]. The rats were anesthetized by isoflurane inhalation
(1-2%) and placed in the supine position. An incision (2 cm) was made in the ventral
cervical midline, ending at the level of the clavicle. The underlying salivary and lymphatic
glandular tissue was laterally displaced. The omohyoid muscle was dissected to visualize
the trachea, larynx, and thyroid gland. The thyroid gland was gently removed, and
the incision was sutured. All animals received postoperative care for 3 days, including
hydration, a sterile dressing, analgesia (0.2% meloxicam, 5 mg/kg, subcutaneously), and
antibiotic therapy (10 mg/kg enrofloxacin, subcutaneously).
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4.3.3. High-Fat Diet

The HFD was produced according to the protocol of Guarnier et al. (2019), with
the following composition: 64.4% standard diet, 0.5% cholesterol, 0.1% sodium cholate,
5% sucrose, 5% lard, 5% hydrogenated fat, and 20% powdered egg [26]. Immediately after
thyroidectomy, the HFD was offered to the 2K1C and SHR groups. The naive rats were fed
a standard commercial diet. The diet was offered ad libitum for 42 days.

4.3.4. Renal Function Assay

On the morning of day 43, the rats were placed in metabolic cages, and urine was
collected for 24 h. Urine density and pH were measured with a portable refractometer
(NO107; Nova Instruments, Piracicaba, Brazil) and digital pH meter (Q400MT; Quimis
Instruments, Diadema, Brazil), respectively. Urinary potassium, sodium, chloride, creati-
nine, and urea levels were quantified in an automated biochemical analyzer (Cobas Integra
400 plus, Roche, Basel, Switzerland).

4.3.5. Electrocardiography

After urine collection, all rats were anesthetized intramuscularly with 100 mg/kg
ketamine and 20 mg/kg xylazine. Four electrodes were then placed on the two forelimbs
and two hindlimbs of each animal. Electrocardiography (ECG) waves were recorded for
5 min using a 12-lead ECG recorder (WinCardio, Micromed, Brasilia, Brazil) [23].

4.3.6. Blood Pressure and Heart Rate Measurement

After ECG recording and while still under deep anesthesia, all animals received a
subcutaneous injection of heparin (30 IU). The left carotid artery was exposed, isolated, can-
nulated, and connected to a pressure transducer coupled to a recording system (PowerLab)
and its integration software (Chart 7.1; both from ADI Instruments, Castle Hill, Australia).
Systolic blood pressure, DBP, MAP, and HR were recorded for 20 min [29].

4.3.7. Mesenteric Vascular Reactivity

After direct blood pressure measurements, the MVB was isolated according to McGre-
gor (1965) [30]. The MVB was removed, coupled to the perfusion system, and continuously
perfused with physiological saline solution (119 mM NacCl, 4.7 mM KCl, 2.4 mM CaCl,,
1.2 mM MgSQOy, 25.0 mM NaHCO;3, 1.2 mM KH,POy, 11.1 mM dextrose, and 0.03 mM
ethylenediaminetetraacetic acid; aerated with 95% O, and 5% CO,) at a constant flow
rate of 4 mL/min. Changes in perfusion pressure were recorded by a pressure transducer
coupled to a recording system (PowerLab) running Chart 7.1 software (both from ADI
Instruments, Castle Hill, Australia). After a 30 min stabilization period, tissue integrity
was assessed with a bolus injection of KCI (120 mmol). Vascular reactivity to Phe (3, 10,
30, and 100 nmol) was then evaluated. After a new 30 min stabilization period, the tissues
were continuously perfused with physiological saline solution plus 3 uM Phe to induce
a prolonged increase in perfusion pressure. After stabilization of the contractile process,
vascular reactivity to ACh (0.3, 1, 3, and 10 nmol) and SNP (0.03, 0.1, 0.3, and 1 nmol)
was evaluated.

4.3.8. Blood Analyses

Immediately after MVB withdrawal, blood samples were collected from the previously
cannulated left carotid artery. Serum was obtained via centrifugation at 1500x g for
10 min. Alanine aminotransferase, aspartate aminotransferase (AST), creatinine, urea,
triglycerides, total cholesterol, and HDL-C levels were measured using a semi-automated
biochemical analyzer (Aker BIO-200). LDL-C and VLDL-C were calculated according to
the Friedwald formula [5]. Serum NT, oxLDL, sVCAM-1, sSICAM-1, IL-1f3, and IL-6 levels
were measured using enzyme-linked immunosorbent assays (BD Biosciences, San Jose, CA,
USA). Malondialdehyde levels were measured using an MDA assay kit (Cayman Chemical,
Ann Arbor, MI, USA).
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4.3.9. Relative Organ Weight

At the end of the experiments, the animals were euthanized via deep anesthesia (>50-60%
isoflurane) in a saturation chamber. After euthanasia, the heart, right kidney, and liver were
cleaned and weighed. The relative organ weight was determined as the following;:

relative weight (RW) % = absolute organ weight x 100/body weight. 1)

4.3.10. Histopathology and Morphometry

Samples of the left ventricle, right kidney, liver, and subclavian and right carotid
arteries were stored in 10% formalin. The material was cleaved, dehydrated in ethanol,
diaphanized in xylol, and embedded in histological paraffin. The samples were sectioned
(5 mm) and stained with hematoxylin—eosin and orcein (arteries) and examined under
an optical microscope. The right and left ventricles and interventricular septum were
measured using Motic Images Plus 2.0 Mac OS X (Kowloon Bay, Kowloon, Hong Kong).

4.4. Statistical Analyses

Statistical analyses were performed using one- or two-way analysis of variance (ANOVA)
followed by Bonferroni’s post hoc test. The results are expressed as the mean =+ standard
error of the mean (SEM) of n = 8 animals per group. Values of p < 0.05 were considered
statistically significant.

5. Conclusions

The present study identified a viable alternative to induce a combination of multiple
cardiovascular risk factors in an animal model that resembles conditions that are seen in
humans. Both models were able to develop significant CVD, but the SHR group exhibited
more significant pathophysiological changes.
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Abstract

Traditional medicine is a common source of treatment for cardiovascular disease and its

oNOYTULT D WN =

major risk factors, such as hypertension and dyslipidemia. Aloysia polystachya (Griseb.)

10 Moldenke is a species popularly used to treat several pathologic conditions, with some
cardioprotective effects already identified. This study aimed to investigate the protective

15 effects of the essential oil of A. polystachya (EOAP) leaves in a model of multiple

17 cardiovascular risk factors. We investigated the acute toxicity of EOAP and its
cardioprotective effects at different doses (1.47 mg/kg; 4.40 and 13.20 mg/kg) during 42 days
22 of treatment in a model that associates thyroidectomy and high-fat diet in SHR animals, using
24 rosuvastatin (5 mg/kg) as control. The renal function, electrocardiography, blood pressure,
vascular reactivity, serum biochemical profile, organ histology, and morphometry were

29 evaluated at the end of the treatment. The EOAP was also analyzed by gas chromatography
31 coupled to mass spectrometry (GC-MS) The main identified compounds in GC-MS were -
33 myrcene (1.08%), limonene (40.13%), and carvone (56.47%). The data suggest the absence
of acute toxicity of EOAP. The EOAP reverted decreased urinary excretion of sodium,

38 chloride, and creatinine, attenuated QTC interval prolongation and reduced pressure levels.
40 Moreover, the treatment prevented increased inflammatory and serum oxidative stress
markers. We evidenced significant cardioprotective effects of EOAP against multiple

45 cardiovascular risk factors in hypertensive rats.

Keywords: Verbenaceae, ka'a jagua, traditional medicine, dyslipidemias, antihypertensive,

5o antioxidant
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Introduction

Cardiovascular diseases (CVD) are the leading cause of death worldwide. With an
estimated death toll of 17.8 million, CVD remains a crucial contributing factor to rising
healthcare costs and premature mortality [1]. It is known that several risk factors lead to an
increase in the occurrence and aggravation of CVD; these include unhealthy nutrition,
sedentary lifestyle, dyslipidemia, hyperglycemia, hypertension, obesity, endocrine or kidney
diseases, smoking, gender, as well as ethnicity [2]. A healthcare approach that previously
identified or prevents risk factors ensures effective clinical patient management before the
most relevant cardiovascular complications [3].

Traditional medicine is a common source of treatment for chronic and acute
conditions, including CVDs. Medicinal plants are already used by 80% of the world’s
population in primary health care and are emerging as promising agents for managing CVDs
and associated risk factors [4,5]. However, due to the vast natural biodiversity, science is still
far from an exhaustive and detailed investigation for clinical and safe use [5].

Aloysia polystachya (Griseb.) Moldenke (synonym Lippia polystachya Griseb.) is a
native species from South Bolivia to North Argentina. Popularly known as ka'a jagud, burrito,
té-burro, poleo-riojano, poleo-de-castilla, aloisia, or erva-serrana (mountain grass) [6], its use
is closely linked to the South American culture and folk medicine to treat anxiety,
hypertension, respiratory, and gastrointestinal disorders [7-9]. This species is commonly used
for its aromatic property by giving a minty flavour to traditional Brazilian drinks for daily
consumption (e.g., "mate" and “tereré” mixed with llex paraguariensis A. St.-Hil.). Rich in
antioxidant compounds, this species presents a main phytochemical composition of terpenes,
flavonoids, and phenolic compounds [10,11], with a considerable relative percentage of

monoterpenes and sesquiterpenes, including carvone, limonene, and a-thujone. Its
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carminative and dyspeptic activities have been attributed to carvone and limonene, the major
compounds present in the essential oil [6].

Some biological activities of A. polystachya have already been investigated, such as
antioxidant [9,12], antibacterial, antiproliferative [13,14], sedative, and anxiolytic [8,15,16],
besides cardioprotective effects against hypertension and myocardial infarct [11,17]. Despite
these elucidations, the impact of 4. polystachya on the treatment and prevention of CVD and
its risk factors still have great potential to be explored. Thus, this study aims to investigate the
protective effects of the essential oil of 4. polystachya (EOAP) in a model of multiple

cardiovascular risk factors.

Results and Discussion

The yield from EOAP was 2.7%. The main compounds identified by gas
chromatography coupled to mass spectrometry (GC-MS) were B-myrcene (1.08%), limonene
(40.13%), and carvone (56.47%) (Tablel). These last two were observed with higher relative
percentages as highlighted by previous studies [9,14]. Many factors, including location,
climate, and extraction method, can influence its production by plants. The monoterpene
carvone is conjugated with a ketone group, resulting in a more remarkable ability to capture
free radicals [9]. Moreover, limonene is a monocyclic monoterpene that can inhibit lipid
peroxidation and the production of free radicals, preventing endothelial dysfunction and
reducing blood pressure levels [9,18].

Throughout the 14-day observation period, no deaths or changes in general behaviour
were observed in female Wistar rats. Therefore, the median lethal dose (LDs,) of the EOAP
was stipulated as higher than 2,000 mg/kg. No significant differences were found between the

control group and EOAP-treated rats regarding their final weight, weight gain, relative and
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absolute weight of isolated organs, water, and food consumption. Furthermore, no
histopathological changes were evidenced in all tissues studied.

This study employed a model of multiple cardiovascular risk factors to investigate the
cardioprotective effects of EOAP in rats using rosuvastatin as control. Previously validated,
this model associate’s dyslipidemia, hypothyroidism, and hypertension, inducing oxidative
stress and cardiorenal impairments [19]. It is already well-established that several risk factors,
including dyslipidemia, hypertension, and hormonal modifications, are strongly related to
higher cardiovascular risk outcomes [20]. Vascular endothelium can be significantly
damaged by hypertension and dyslipidemia, impairing vasomotor performance, and
accelerating the progression of atherosclerotic disease [21]. Besides the genetic profile,
unhealthy nutrition can also aggravate dyslipidemia and hypertension; diets rich in saturated
fat, cholesterol, salt, sugar, and alcohol are among the most significant contributors [3].
Furthermore, changes in thyroid hormones can also affect body weight, nutrient metabolism,
nitric oxide production, vascular tone, and cardiac gene expression, directly influencing lipids
and blood pressure levels [22].

Among several other indications, the infusion of 4. polystachya leaves is also
popularly used to treat cardiovascular system diseases [7]. The ethanol-soluble fraction
originating from A. polystachya infusion was previously used to investigate the
cardioprotective effects in Spontaneous Hypertensive Rats (SHRs). The results showed that
the prolonged treatment prevents cardiorenal changes in hypertensive rats [11]; in another
study, the same fraction significantly improved the cardiac function in infarcted rats [17].

Urinary parameters obtained in this study are presented in Table 2. The urinary
volume, pH, and density did not show statistically significant differences between all
experimental groups. On the other hand, the renal excretion of sodium, chloride and

creatinine was significantly reduced in the negative control group (NC) and EOAP at the
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lowest dose (1.47 mg/kg). Treatment with EOAP at its highest doses (4.40 and 13.20 mg/kg)
or with rosuvastatin was able to revert these changes, maintaining renal excretion of
electrolytes and creatinine similar to that observed in the naive group.

Regarding electrocardiographic data (Table 3), the NC and rosuvastatin groups
presented a prolonged QTC segment compared to the naive rats. Treatment with EOAP (at all
doses) reversed these alterations, maintaining QTC segment values close to those observed in
naive rats.

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) values were
significantly higher in the NC group than in the naive rats (Table 4). The SBP values in the
rosuvastatin and EOAP-treated groups did not differ significantly from the naive animals. For
DBP, treatment with EOAP or rosuvastatin significantly reduced the pressure levels
compared to rats from the NC group. However, the values were still statistically higher than
naive animals. The heart rate decreased in the NC and all EOAP-treated rats compared to the
naive group.

The multiple cardiovascular risk factors model promoted reduced urinary electrolyte
excretion, a prolonged QTC segment, and increased SBP, DPB, and heart rate (HR) levels in
NC rats. Furthermore, creatinine, lipids, inflammatory and oxidative markers levels were
elevated. The treatment with EOAP, for 42 days, prevented the renal, electrocardiographic,
and hemodynamic changes, maintaining SBP levels similar to those found in naive animals.

The effects of rosuvastatin and EOAP on the biochemical parameters of male rats
with multiple cardiovascular risk factors are presented in Table 5. Animals in the NC group
show a significant increase in creatinine and serum lipids, besides in levels of the different
inflammatory and serum oxidative stress markers. Only rosuvastatin significantly reduced
triglycerides (TG), low-density lipoprotein (LDL-C), very low-density lipoprotein (VLDL-

C), high-density lipoprotein (HDL-C) and total cholesterol (TC) levels. In contrast, the
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treatment with EOAP significantly reduced the serum oxidative stress markers' levels,
including nitrotyrosine (NT), oxidized LDL (oxLDL), and malondialdehyde (MDA). All
treatments significantly reduced creatinine, circulating vascular cell adhesion molecule-1
(sVCAM-1), circulating intercellular adhesion molecule-1 (SICAM-1), interleukin (IL)-1 B,
and IL-6 levels compared to the NC group rats. However, they remained statistically different
from the animals in the naive group.

Although EOAP could not reduce serum lipid levels (as the rosuvastatin), the herbal
preparation was more efficient than rosuvastatin in reducing oxidative stress markers such as
oxLDL, NT, and MDA. The OxLDL molecules are determinants for endothelial dysfunction
and atherogenesis. Due to its accumulation, endothelial cells release cytokines IL-1 B and IL-
6, stimulating the expression and release of adhesion molecules, including sVCAM-1,
sICAM-1, and E-selectin [23]. Although rats naturally resist short-term atherogenic factors
[24], the EOAP treatment prevented these molecular alterations related to atherogenesis.

The NC group showed lower vasodilator responses to 300 nmol of acetylcholine
(ACh) than the naive group. Prolonged treatment with different doses of EOAP or
rosuvastatin prevented this change, maintaining mesenteric vascular reactivity similar to that
in naive animals. (Table 6).

The data from relative organ weight and cardiac morphometry are presented in Table
7. The relative heart and liver weights in the NC, EOAP-treated and the animals receiving
rosuvastatin were statistically higher than in naive rats. None of the treatments performed was
able to prevent or reverse this change. The histological findings are shown in Figure 1.
Widespread microvacuolizations were detected in the cytoplasm of hepatocytes from all
groups treated with HFD. There were no significant findings in samples from other organs.

It is worth mentioning that the relative weight of the heart increases stems from

structural alterations arising from hypertension and dyslipidemia. Its reversal depends on
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long-term pharmacological treatment associated with changes in dietary conditions [21]. In
addition, the liver's relative weight increases come from excess nutritional lipids, which
impose vacuolation of the hepatocyte's cytoplasm [19]. Despite the EOAP being unable to
revert these alterations, we believe a chronic treatment associated with dietary changes could
bring additional benefits to the model, which is a limitation of the current study.

The data presented here did not provide substantial information to define a dose-
dependent effect, which is relatively common among medicinal plants due to its large sets of
metabolites that may contribute to alterations in the synergistic and antagonistic effects [25].
Despite the limitation of our methods in fully identifying the mechanism by which EOAP
acted to attenuate the biochemical, hemodynamic, and electrocardiographic alterations
imposed by the cardiovascular risk factors, our results show the significant potential to be
explored concerning the cardioprotective effects of the EOAP, which is already widely
consumed and used by the local population.

The data allow us to conclude that essential oil obtained from Aloysia polystachya
leaves has a significant cardioprotective effect against cardiovascular risk factors. This study
shows that EOAP is a prototype for developing a new herbal medicine that can be used as an

add-on in treating different cardiovascular diseases.

Material and Methods

Drugs

The drugs, salts, and solutions employed were heparin (Hipolabor, Belo Horizonte,
MG, Brazil), isoflurane (BioChimico, Rio de Janeiro, RJ, Brazil), ketamine hydrochloride
and xylazine hydrochloride (Syntec, Sao Paulo, SP, Brazil). Phenylephrine (Phe), sodium
nitroprusside (SNP), ACh, Tween 80, rosuvastatin, KCl, CaCl2, NaCl, NaHCO3, MgS04,

8
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KH2PO4, ethylenediaminetetraacetic acid, dextrose, colic acid, and cholesterol, were

purchased from Sigma-Aldrich. All the other reagents were obtained in analytical grade.

Plant collection and identification

Aloysia polystachya leaves were collected in March 2022 directly from the natural
habitat situated in the Grande Dourados region of Mato Grosso do Sul state, Brazil's
Midwest, at an elevation of 430 meters above sea level (21°13'15" S 54°48"21" O). A voucher
specimen numbered 892 was authenticated by Dr. Zefa Valdivina Pereira and deposited in the
Herbarium DDMS of the Federal University of Grande Dourados (UFGD). The plant's
nomenclature follows the online database published by "The Plant List" (accessed on March

23,2023).

Extraction of essential oil

The leaves of A. polystachya were dried in an oven set at a temperature of 45 °C (113
°F) for five days. Subsequently, the resultant dried leaves were finely ground into a powder.
The essential oil of 4. polystachya (EOAP) was extracted by hydrodistillation for 2 hours,
under 40°C through hydrodistillation, using a Clevenger-type apparatus. The EOAP obtained
was stored in glass vials and kept under —4 £ 0.5 °C without light until further analysis
[26,27]. The yield of EOAP was performed in triplicate and calculated in volume/mass %. An

aqueous emulsion of the essential oil was prepared with Tween 80 for administration.

Chemical Analysis by GC-MS
The chemical analysis from EOAP was performed in a gas chromatography Shimadzu
QP2010 GC-MS with an electron ionization (EI) source (70 eV). A chromatographic column

Rtx-5MS (30 m x 0.25 mm, 0.25 mm of thickness) was applied in the analysis. The split ratio
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was 1:20, and helium was the carrier gas (column flow rate 1.30 mL/min and pressure 79.7
kPa). The temperature program profile was 60 to 220°C, increasing by 3°C/min. The mass

spectra were compared to data in WILEY 7, NIST 11, and FFNSC data banks. A series of

alkanes C8 to C25 was injected and used to calculate the retention index, which was

compared with the data in Adams (1995) [28].

Animals

12-week-old female Wistar rats, male Wistar-Kyoto rats, and SHR were housed in
environmentally enriched plastic cages at a temperature of 22°C + 2°C, relative humidity of
55% =+ 10%, and a 12-hour light/dark cycle. The animals were provided with unlimited access
to food and water. All procedures were conducted in strict accordance with the Brazilian
Legal Framework on the Scientific Use of Animals and were approved by the Institutional

Committee of the Federal University of Grande Dourados under Protocol N°. 10/2020.

Safety evaluation

The acute toxicity assay was conducted according to the methodology outlined in
Marques et al. (2021) [11]. Ten female rats were divided equally into two experimental
groups. Before treatment, rats were acclimatized, and one animal from each group was
subjected to an overnight fast. The rats were weighed, and the dose of EOAP or vehicle
(filtered water; 0.2 mL/100 g) was administered orally to one animal, followed by
withholding food for an additional two hours. If no toxicity or lethality was observed in
treated animals within the initial 24-hour period, the remaining animals were also treated
fasting and monitored for 14 days. During this period, body weight gain, food and water
intake, mortality rates, and any clinical signs of toxicity were observed. On the 15th day, the

animals were euthanized through anaesthesia with isoflurane, followed by exsanguination. At

10
Georg Thieme Verlag KG, P.O. Box 30 11 20, D-70451 Stuttgart, Germany www.thieme.de/plantamedica



oNOYTULT D WN =

Manuscript submitted to editorial office Page 12 of 28
76

necropsy, the liver, spleen, heart, lung, kidneys, ovaries, and uterus were removed and
weighed, and relative organ weight was calculated. Organ samples were submitted for

histopathological analysis.

Efficacy assays

The experimental design for inducing multiple cardiovascular risk factors was
developed by Moreno et al. (2022) [19]. Animals were randomized and divided into six
experimental groups (n = 8/group): 1) naive (Wistar-Kyoto rats; feed with standard feed); 2)
Negative control (NC; SHR treated with filtered water 0.2 mL/100 g and feed with high-fat
diet (HFD)); 3) EOAP 1 (SHR treated with EOAP 1.47 mg/kg and feed with HFD); 4) EOAP
2 (SHR treated with EOAP 4.40 mg/kg and feed with HFD); 5) EOAP 3 (SHR treated with
EOAP 13.20 mg/kg and feed with HFD); 6) ROSU (SHR treated with rosuvastatin 5 mg/kg
and feed with HFD). Animals were treated orally, once a day, for 42 days. The doses were
determined based on ethnobotanical information on the regional use of the plant. The
reported daily use corresponds to the amount of dry plant equivalent to a "closed hand". Thus,
the amounts equal to 20 "closed hands" were weighed, and the average was calculated [7].
The essential oil was extracted in triplicate from a sample corresponding to the value in
grams obtained. The average amount of oil obtained from these extractions was determined
as an intermediate dose for a 70 kg human. The corresponding dose for rodents was
calculated using the allometric extrapolation on the body area scale [29]. We also used an

amount three times smaller and another three times higher than the average calculated dose.

Thyroidectomy
Following randomization, thyroidectomy was performed on rats in the NC, EOAP 1,

EOAP 2, EOAP 3, and ROSU groups, following the procedure described by Patel et al.
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(2013) [30]. The rats were anaesthetized with isoflurane inhalation (1-2%). A 2 cm incision
was made in the ventral cervical midline, extending to the clavicle's level. The underlying
salivary and lymphatic glandular tissue was laterally displaced, and the omohyoid muscle
was dissected to access the thyroid gland, which was delicately removed, and the incision
sutured. Postoperative care was provided for three days, including a sterile dressing,
analgesia (0.2% meloxicam, 5 mg/kg, subcutaneously), antibiotic therapy (10 mg/kg

enrofloxacin, subcutaneously), and hydration.

High-fat diet

The HFD was prepared using the Guarnier et al. (2019) protocol and consisted of 0.1%
sodium cholate, 0.5% cholesterol, 5% lard, 5% hydrogenated fat, 5% sucrose, 20% powdered
egg and 64.4% standard diet [31]. The HFD was offered to NC, EOAP 1, EOAP, EOAP 3,
and ROSU groups three days after thyroidectomy and maintained by 42 days. Meanwhile, the

naive group was fed with a standard commercial diet.

Renal function assay

On the 43 day, the rats were placed into metabolic cages to collect their urine over
24 hours. The urine's density and pH levels were measured using a portable refractometer
(Nova Instruments, Piracicaba, Brazil) and a digital pH meter (Quimis Instruments, Diadema,
Brazil). The urinary levels of potassium, sodium, chloride, creatinine, and urea were

quantified through an automated biochemical analyzer (Cobas Integra 400 plus, Roche).

Electrocardiography
Following urine collection, all rats were anaesthetized with isoflurane inhalation (1-

2%). Four electrodes were then placed on each animal's forelimbs and hindlimbs.

12
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Electrocardiography (ECG) waves were recorded using a 12-lead ECG recorder (WinCardio,

Micromed, Brasilia, Brazil) for 5 min [32].

Blood pressure and heart rate measurement

After ECG recording and under deep anaesthesia, each animal was administered a
subcutaneous heparin injection (30 IU). The left carotid artery was surgically exposed,
isolated, cannulated, and connected to a pressure transducer linked to a recording system
(PowerLab) and its corresponding integration software (Chart 7.1; both from ADI
Instruments, Castle Hill, Australia). HR, mean arterial pressure (MAP), SBP and DBP were

recorded for 20 min [33]

Mesenteric vascular reactivity

After hemodynamic parameters measurements, the McGregor (1965) method was
used to isolate the mesenteric vascular bed (MVB) [34]. The MVB was removed and
connected to the perfusion system. Continuous perfusion was maintained at a flow rate of 4
mL/min using a physiological saline solution containing 119 mM NaCl, 4.7 mM KCl, 2.4
mM CaCl2, 1.2 mM MgSO04, 25.0 mM NaHCO3, 1.2 mM KH2PO4, 11.1 mM dextrose, and
0.03 mM ethylenediaminetetraacetic acid. The solution was aerated with 95% O2 and 5%
CO2. Perfusion pressure changes were measured using a pressure transducer and recording
system (PowerLab) with Chart 7.1 software (both from ADI Instruments, Castle Hill,
Australia). After 30 minutes of stabilization, KCI1 (120 mmol) was injected to assess tissue
integrity. Vascular reactivity to Phe (30, 100, and 300 nmol) was then tested. A new 30-
minute stabilization period was required while the tissues were continuously perfused with

physiological saline solution plus 3 uM Phe to induce a prolonged increase in perfusion

13
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pressure. After the contractile process stabilized, vascular reactivity to ACh (30, 100, and 300

nmol) and SNP (3, 10, and 30 nmol) was evaluated.

Blood analyses

Blood samples were collected from the left carotid artery following MVB withdrawal.
Serum was obtained by centrifugation at 1,500 xg for 10 min. Urea, creatinine, TG, LDL-C,
VLDL-C, HDL-C, TC, alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) levels were measured using an automated Roche cobas ® 6000 biochemical analyzer.
Serum NT, oxLDL, sVCAM-1, sICAM-1, IL-1 B, and IL-6 levels were measured using
enzyme-linked immunosorbent assays (BD Biosciences, San Jose, CA, USA). The MDA

assay kit determined MDA levels (Cayman Chemical, Ann Arbor, MI, USA).

Relative organ weight

Upon completing the experimental procedures, the animals underwent euthanasia by
deep anaesthesia, where the concentration of isoflurane exceeded 50-60% within a saturation
chamber. The right kidney, liver and heart were cleaned and weighed. The relative organ
weight was evaluated through the formula: relative weight (RW) % = absolute organ weight x

100 / body weight.

Histopathology and morphometry

Tissue samples of the left ventricle, right kidney, liver, subclavian aorta, and right
carotid arteries were preserved in 10% formalin, then subjected to cleavage, dehydration in
ethanol, diaphanization in xylol, and embedding in histological paraffin. The samples were

cut into Smm sections, stained with hematoxylin-eosin and orcein (arteries), and examined

14
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under an optical microscope. The Motic Images Plus 2.0 software measured the right and left

ventricles and interventricular septum.

Statistical analyses

The data was analyzed using either one or two-way ANOVA, followed by
Bonferroni's post hoc test. The mean and standard deviation (SD) were calculated from the
data of eight animals per group. The results were deemed statistically significant if the p-

value was less than 0.05.
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Legends for Figures

Fig. 1. Representative histological sections of the heart, liver, kidney, and aorta artery from
male rats with multiple cardiovascular risk factors treated with Aloysia polystachya (dose 1:
1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg) and rosuvastatin (5 mg/kg). The black
arrowheads show microvacuolization of the hepatocyte’s cytoplasm. H&E (40x). EOAP:

essential oil of Aloysia polystachya; NC: negative control group.
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Table 1. Identified compounds from essential oil of 4. polystachya

(EOAP) by GC-MS

Compound RT (min) Area (%) RI
a-Pinene 5.13 0.76 932
NI 5.96 0.27 966
B-Pinene 6.23 0.39 978
B-Myrcene 6.57 1.08 990
Limonene 7.77 40.13 1028
(Z)-B-Ocimene 8.03 0.21 1036
Linalool 10.25 0.28 1100
(E)-p Mentha-2,8-dien-1-ol 11.04 0.19 1121
a-Terpineol 13.86 0.22 1191
Carvone 16.15 56.47 1246

RT: retention time; RI: retention index on RTX5MS
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Table 2. Effects of treatment with essential oil of Aloysia polystachya (dose 1: 1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg)

Manuscript submitted to editorial office

and rosuvastatin (5 mg/kg) on urinary parameters of male rats with multiple cardiovascular risk factors

Parameter

Naive

NC

EOAP 1

EOAP 2

EOAP 3

Rosuvastatin

Urinary volume
(mL/100g/24h)
pH

Density

Chloride
(umol/100g/24h)
Potassium
(umol/100g/24h)
Sodium
(umol/100g/24h)
Creatinine
(mg/100g/24h)

6.58 £1.80

7.74 +0.71
1023 + 7.79
944.43 +
114.55
1121.33 +
192.33
622.14 +
92.21

2.77+0.34

524+1.24

7.55+0.90
1024 +4.70
668.77 £
89.514
1201.57 +
232.21
38122+
79.214
1.66 £ 0.334

5.32+2.11

7.42 £ 0.66
1029 +7.79
695.99 +
92.334
1189.34 +
212.33
393.45+
80.03¢
1.73 £0.294

6.00 £ 1.51

7.48 £ 0.62
1023 +£10.52
828.67 £
109.77%
1153.66 +
199.87

518.21 £99.31%
2.54 £0.29%¢

6.95+1.86

7.254+0.54

1020 + 5.60
935.21 +
119.28%
1192.54 +

187.33

621.44 +
100.57%¢

2.81 £ 0.40%

6.32 £1.57

7.18£0.76
1023 +4.29
835.21 +
109.85%¢
1211.21 +
177.43
578.33 +
99.67b
2.67 +0.38%¢

87

19 Statistical analyses were performed using one—-way ANOVA followed by Bonferroni’s post hoc test. Values are
20 expressed as mean = SD (standard deviation; n = 8 rats per group). “p < 0.05 when compared to naive group; ’p < 0.05
21 when compared to NC group; “p < 0.05 when compared to EOAP 1. EOAP: essential oil of Aloysia polystachya; NC:

negative control group.
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1
2
3
4 Table 3. Effects of treatment with essential oil of Aloysia polystachya (dose 1: 1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg) and
5 rosuvastatin (5 mg/kg) on electrocardiographic parameters of male rats with multiple cardiovascular risk factors
? Parameter Naive NC EOAP 1 EOAP2 EOAP 3 Rosuvastatin
8 P segment (ms) 31.75+6.20 34.33 +5.00 31.71 £11.10 32.29+7.61 34.33 £5.00 36.13 +£5.51
9 PR segment (ms) 41.00+5.75 44.50 = 7.39 45.86 = 15.63 38.57£11.65 44.50 = 7.39 42.25+7.20
10 QRS segment (ms) 45.50 £ 4.95 51.67+£9.07 48.14£5.95 55.86 £9.35 51.67+£9.07 54.63 +£9.24

11 QT segment (ms) 98.75+11.56 118.00 £ 5.06 98.71 + 18.66 115.00 +£16.31 118.00 £ 15.06 130.10 £26.02
12 QTC segment (ms) 155.10+£21.19  218.00 £30.25¢  147.80£54.8°  156.62 +23.16> 158.00 +20.25>  242.80 +38.51¢

13 P wave (mV) 0.047 £ 0.02 0.048 +0.02 0.025 +0.01 0.031 +£0.01 0.048 £ 0.02 0.051 +£0.02

14 Q wave (mV) -0.01 £0.01 -0.02 £0.01 -0.05+0.10 -0.06 £ 0.10 -0.02 £0.01 -0.02 +0.02

15 R wave (mV) 0.28 £0.05 0.32 +£0.07 0.24 +£0.05 0.23 £0.07 0.32+£0.07 0.31+0.11

16 S wave (mV) 0.007 + 0.04 -0.001 £0.03 -0.085+0.10 -0.002 +£0.03 0.010+0.01 -0.001 £0.03
/

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are expressed as
mean + SD (standard deviation). n = 8 rats per group. “p < 0.05 when compared to naive group; ’p < 0.05 when compared to NC
19 group. EOAP: essential oil of Aloysia polystachya; NC: negative control group.
20
21
22
23
24
25
26
27
28
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30
31
32
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37
38
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1

2

3

4

> Table 4. Effects of treatment with essential oil of Aloysia polystachya (dose 1: 1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg) and
6 rosuvastatin (5 mg/kg) on blood pressure and heart rate values of male rats with multiple cardiovascular risk factors

7

8 Parameter Naive NC EOAP 1 EOAP2 EOAP 3 Rosuvastatin
9 SBP (mm Hg)  99.57+13.30  169.00 & 24.52¢ 139.20 + 24.24 137.70 £ 21.96 130.60 +20.28 141.60 + 23.85
:(1) DBP (mm Hg) 51.39+11.79 10470 +21.26¢ 8522 + 12.86% 86.55 £ 12.14 99.53 £12.73%>  97.95 £ 18.55%
12 MAP (mm Hg) 84.40 £23.02 131.00 £+ 26.69 111.00+17.62 113.1 £25.28 122.8 £26.97 119.5+20.12

13 HR (bpm) 405.7+38.81 316.50+£31.07*  304.4+24.58¢ 308.40+52.63¢ 298.40+42.18 289.80+62.18“

14 Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are expressed as
15 mean =+ SD (standard deviation). n = 8 rats per group. “p < 0.05 when compared to naive group; ’p < 0.05 when compared to
NC group. DBP: diastolic blood pressure; EOAP: essential oil of Aloysia polystachya; HR: heart rate; MBP: mean blood
pressure; NC: negative control group; SBP: systolic blood pressure.
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1
2
3
4 Table 5. Effects of treatment with essential oil of Aloysia polystachya (dose 1: 1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg) and
5 rosuvastatin (5 mg/kg) on biochemical parameters of male rats with multiple cardiovascular risk factors
? Parameter Naive NC EOAP 1 EOAP2 EOAP 3 Rosuvastatin
8 AST (UL) 56.2+10.4 54.7+8.2 51.8+83 545+93 552+ 8.8 56.7+9.2
9 ALT (U/L) 33.4+73 34.1+7.1 33.5+8.1 35.1+8.7 35.6+ 8.1 36.2+7.8
10 TG (mg/dL) 77.3+6.45 156.1 +10.03¢  136.4+£11.03¢  127.5+12.55¢  128.9 +13.21¢ 95.3 + 11.21bcde
11 TC (mg/dL) 92.1+4.77 208.7+31.21¢ 277.8+£27.44%  263.4+32.649 259.65+35.77¢ 134.2+ 10.44bcde
12 HDL-C (mg/dL) 42.5+7,54 85.1+9.214 72.2 +£7.54¢ 79.4 + 6.98¢ 68.7 + 8.77¢ 65.4 + 6.22¢
13 LDL-C (mg/dL) 40.2+5.32 1442+ 133« 1327+11.2¢ 136.1 + 14.8¢ 131.1 + 10.7¢ 82.1 + 7.1 abede
14 VLDL-C (mg/dL) 22.1+3.21 71.4 + 8.33¢ 73.1+6.77 64.5 +7.23¢ 70.2 +7.21¢ 41.6 + 5.33abede
12 oxLDL (ng/mL) 0224004  201-045¢  0.31+0.08 0.27 + 0.06" 0.25 + 0.06" 1.23 + 0.77acde
17 NT (umol/L) 0.010+£0.002  (.033+0.008¢ 0.012+£0.003”  0.013+£0.003>  0.011 +0.003" 0.027 £ 0.007acde
18 MDA (mmol/L) 1.21£0.08 4.92+0.54 1.35+£0.09 1.27 £0.07* 1.29 £ 0.08" 4.2+ 0.66%
19 SVCAM-1 (ng/L) 235%0.12 4634055 3.31+0.147 3.26+0.10% 325+0.11% 3.30+0.10%
20 SICAM-1 (ng/L) 477+0.45 9.37 + 0.45¢ 6.54 +0.787% 6.66 + 0.80% 6.61 £ 0.597 6.21 +0.534
21 IL-6 (ng/L) 143.0+12.43 3501 £38.2¢ 241.0£10.22 2524+ 1154  259.7+9.77% 260.0 + 11.77%
22 IL-1beta (pg/mL)  321.3+£27.65  gl64+352¢ 484.0+ 1505  461.2+21.55%  477.2+ 19.56% 469.9 + 22.224
23 Urea (mg/dL) 33.5+£3.54 353+4.21 31.7+5.33 37.846.99 39.7 + 6.88 33.9+6.11
24 Creatinine 0.47 £ 0.07 1.27 +0.13¢ 0.78 + 0.05% 0.70 + 0.067 0.80 + 0.087 0.77 + 0.067
25 (mg/dL)

26 Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are expressed as mean +
27 SD (standard deviation; n = 8 rats per group). “p < 0.05 when compared to naive group; ’p < 0.05 when compared to NC group; ‘p <
28 0.05 when compared to EOAP 1; 4p < 0.05 when compared to EOAP 2; ¢p < 0.05 when compared to EOAP 3. ALT: alanine
aminotransferase; AST: aspartate aminotransferase; EOAP: essential oil of Aloysia polystachya; HDL-C: high-density lipoprotein
cholesterol; IL-6: interleukin-6; IL-1: interleukin-1; LDL-C: low-density lipoprotein cholesterol; MDA: malondialdehyde; NC:
negative control; NT: nitrotyrosine; oxLDL: oxidized low-density lipoprotein; sSICAM-1: soluble intercellular adhesion molecule-1;
| SVCAM-1: soluble vascular cell adhesion molecule-1; TC: total cholesterol; TG: triglycerides; VLDL-C: very-low-density lipoprotein
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Table 6. Effects of treatment with essential oil of Aloysia polystachya (dose 1: 1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg)

and rosuvastatin (5 mg/kg) on mesenteric vascular reactivity of male rats with multiple cardiovascular risk factors

Parameter Naive NC EOAP 1 EOAP 2 EOAP 3 Rosuvastatin
Phe (nmol)

30 97.35+ 19.76 68.71 +37.79 64.31 + 34.80 72.52+2824  71.79+2039  73.12+29.99
100 242.50 +79.2 246.60 + 49.3 186.81+76.99  19420+43.3  172.60+63.3  153.00 + 74.7
300 395.75+116.78  339.7+157.9  333.8+167.98  2384+2093  2429+151.8 276.6+175.5
ACh (nmol)

30 3033+13.31 -2644+1744  -31.13+15.12  -3321+1521  -3455+15.58  -35.11+ 15.44
100 51.2+£17.02 5461 £17.58 -57.11+£13.12  -56.57+14.06 -5021+19.31 -51.39+15.52
300 77.68+£244  3234+1121¢  -73.09+17.55> -80.33+29.35" -78.14+31.8°  -75.6+24.98"
SNP (nmol)

3 33.4+11.55 3433+£1621 -41.21+£1033  -4732+1433  -4432+£14.00 -39.31+15.44
10 49.16+22.71  -4587+24.82  -4821+26.64  -56.15+23.77 -58.44+22.13 -52.12+2133
30 -60.62+25.87  -70.95+£22.08  -72.12+20.32  -5634+25.63 -7233+25.11 -77.32+2434

Statistical analyses were performed using one-way ANOVA followed by Bonferroni’s post hoc test. Values are
expressed as mean + SD (standard deviation). n = 8 rats per group. “p < 0.05 when compared to naive group; *p < 0.05
when compared to NC group. ACh: acetylcholine; EOAP: essential oil of Aloysia polystachya; NC: negative control
group; Phe: phenylephrine; SNP: sodium nitroprusside.
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Table 7. Effects of treatment with essential oil of Aloysia polystachya (dose 1: 1.47 mg/kg; dose 2: 4.40; dose 3: 13.20 mg/kg)
and rosuvastatin (5 mg/kg) on relative organ weight and cardiac morphometry of male rats with multiple cardiovascular risk

factors
Parameter Naive NC EOAP 1 EOAP 2 EOAP 3 Rosuvastatin
Heart (%) 0.21+£0.01  0.32+0.02¢ 0.36 + 0.09¢ 0.34+0.04¢  0.332+0.03 0.33 £ 0.09¢
Lung (%) 0.31+0.03 0.33+0.05 0.35+0.04 0.34 +0.02 0.35+0.02 0.35+0.03
Spleen (%) 0.14+0.02 0.14 +0.01 0.13+0.01 0.13+0.01 0.13+0.02 0.12+0.02
Right kidney (%) 0.28 +0.02 0.30+0.02 0.32+0.02 0.32+0.03 0.30 +0.02 0.30 = 0.05
Left kidney (%) 0.27 £0.02 0.32+0.02 0.31 +£0.02 0.31+0.03 0.30 £0.02 0.30 £0.05
Liver (%) 2.72+031 4.34+0.28¢ 4.32 +£0.44 448 £0.62¢ 423 +0.40° 431+0.794
Right ventricle (mm) 0.91+0.14 0.88+0.18 1.03+0.11 0.95+0.10 0.87 +0.06 0.91+0.16
Left ventricle (mm) 1.25+0.18 1.30 + 0.20 1.34 +0.19 1.30+0.19 1.35+0.09 1.47 +0.20
IV septum (mm) 2.19+0.35 2.77+0.70 2.60+£0.22 2.80+0.24 2.58+£0.11 2.57+0.15

Statistical analyses were performed using one—-way ANOVA followed by Bonferroni’s post hoc test. Values are expressed
as mean = SD (standard deviation). n = 8 rats per group. “p < 0.05 when compared to naive group. EOAP: essential oil of

Aloysia polystachya; 1V: interventricular septum; NC: negative control group.
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Ka’a Jagua (Aloysia polystachya (Griseb.) Moldenke (Verbenaceae))

From Traditional Use to Pharmacological Investigations in Relation to
Cardiovascular Disease
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LIST OF ABBREVIATIONS

GABA, v-Aminobutyric acid type A

GC:MS Gas chromatography coupled to mass spectrometry
HAM:A Hamilton Anxiety Rating Scale

1.C-MS Liquid chromatography coupled to mass spectrometry

NCI National Cancer Institute

SHR Spontaneous hypertensive rats

TROLOX 6-hydroxy-2,5, 7, 8-tetramethyl-chroman-carboxylic acid
VO Volatile oil

14.1 INTRODUCTION

The genus Aloysia Paldu belongs to the family Verbenaceae and comprises 46 species. The genus occurs in subtropical and
temperate South America extending from the southern region of United States and Mexico to Chile and Central Argentina. In
South America, it is represented by 28 species and six varieties (O'Leary et al. 2016; O’Leary and Moroni 2020). Species of
Aloysia are aromatic, with an intense lemon-like aroma. They are economically and medically significant due to their essential
oils with biological activities (Mohammadhosseini et al. 2021).

One of the most important species of the genus is Aloysia polystachya (Griseb.) Moldenke (synonym Lippia polystachya Griseb.)
and it is native to the southern region of Bolivia and northern region of Argentina (O’Leary et al. 2016; Royal Botanic Gardens
2021). It is also commonly cultivated as an ornamental and medicinal plant. Aloysia polystachya is commonly known as ka'd jagud,
burrito, té-burro, poleo-riojano, poleo-de-castilla, aloisia or erva-serrana (mountain grass). The generic name Aloysia was in honor of
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Evidence of the Cardioprotective Effects of Aloysia polystachya
in Isoproterenol-Induced Myocardial Infarction in Rats

Karyne Garcia Tafarelo Moreno, Thiago Lima de Almeida, Aline Aparecida Macedo Marques,

Guilherme Donadel,2 Emerson Luiz Botelho Loureng;o,2
Danielle Ayr Tavares de Almeida, and Arquimedes Gasparotto Junior'

"Laboratory of Cardiovascular Pharmacology, Faculty of Health Sciences, Federal University
of Grande Dourados, Dourados, Brazil.
2Laboratory of Pre-Clinical Research of Natural Products, Postgraduate Program in Animal Science
with Emphasis on Bioactive Products, Paranaense University, Umuarama, Brazil.

ABSTRACT Aloysia polystachya is a plant species that is widely used in Brazilian folk medicine for the treatment of
different disorders that affect the cardiovascular system. The aim of the study was to investigate the cardioprotective effects of
an ethanol-soluble fraction of A. polystachya (ESAP) on isoproterenol-induced myocardial infarction in rats. Different groups
of rats (n=8) were orally treated with ESAP (30, 100, and 300 mg/kg), carvedilol (10 mg/kg), or vehicle (filtered water;
1 mL/100 g) for 7 days. Naive rats received no treatment. On the morning of day 6, acute myocardial infarction was induced
by the acute oral administration of isoproterenol (100 mg/kg). On the morning of day 8, all rats underwent electrocardiography
and transthoracic echocardiography. Blood samples were then collected, and serum levels of creatine kinase-MB fraction
(CK-MB) and cardiac troponin T (cTNT) were quantified. ESAP significantly reduced electrocardiographic changes, im-
proved the ventricular ejection fraction, and reduced serum levels of CK-MB and ¢TNT in infarcted rats. The cardioprotective

effects of ESAP could be exploited as an effective tool against isoproterenol-induced myocardial infarction in rats.

KEYWORDS: e creatine kinase e heart attack e troponin e Verbenaceae

INTRODUCTION

A LOYSIA POLYSTACHYA (Griseb) Moldenke (Verbena-
ceae) is a plant species that is widely distributed in
South America, especially in Paraguay and Brazil.! Popu-
larly known as ‘“‘Burrito,”” this species is commonly used for
its aroma and to give a minty flavor to traditional Brazilian
beverages (e.g., ““Tereré”’). In folk medicine, healers in the
region of Grande Dourados, Mato Grosso do Sul state,
Brazil, recommend this species for the treatment of various
disorders that affect the cardiovascular system.”> A. poly-
stachya is also used in traditional medicine to treat hyper-
tension, anxiety, gastrointestinal, and respiratory disorders,
as sedative and as digestive.>™
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A recent phytochemical study of an ethanol-soluble
fraction of A. polystachya (ESAP) that was obtained from
the leaves of A. polystachya that were collected in this re-
gion detected the abundant presence of organic acids, nu-
cleosides, methoxylated flavones, and glycosylated
compounds, including phenolic acids, phenylpropanoids,
iridoids, and monoterpenes.5 Marchetti et al® and Carmona
et al” also detected the presence of forsythoside A, plan-
tainoside C, purpureaside D, martynoside, acteoside, car-
vone, and limonene in the leaves of this species.

Several biological activities have been ascribed to this
species. Anxiolytic- and antidepressant-like,*”® antican-
cer,’ anesthetic,'” and repellent!! effects have been reported
with different preparations of A. polystachya. Marques et al’
found that prolonged oral ESAP administration in sponta-
neously hypertensive rats reversed renal, hemodynamic,
electrocardiographic, and cardiac morphological changes
that were induced by hypertension.

Despite evidence of the popular use and beneficial effects
of A. polystachya for the treatment of heart disease, its
effects on the prevention and evolution of myocardial
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infarction (MI) remain unknown. Thus, the present study
investigated the cardioprotective effects of ESAP in a rat
model of isoproterenol-induced MI.

MATERIALS AND METHODS

Drugs and salts

Ketamine and xylazine hydrochloride were purchased
from Syntec (S@o Paulo, SP, Brazil). Heparin was purchased
from Hipolabor (Belo Horizonte, MG, Brazil). Carvedilol
(CVDL) and isoproterenol (ISO) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). All other reagents
were obtained in analytical grade.

Plant material and extract preparation

A. polystachya leaves were collected in the Dourados
region, Mato Grosso do Sul state, Brazil (21°13°15”’S,
54°48°21’N). A voucher specimen was authenticated by Dr.
Zefa Valivina Pereira and deposited in the Federal Uni-
versity of Grande Dourados (UFGD) herbarium (no. 5536).
The plant name was confirmed in ‘“The Plant List”’ database
(http://www.theplantlist.org/; accessed April 13, 2021). The
infusion was obtained by Marques et al.®> In this work, the
infusion was treated with ethanol (95%) at a proportion of
1:3 (v/v), resulting in a precipitate and ethanol-soluble
fraction (ESAP; 13% yield). The ESAP was concentrated,
freeze-dried, and stored at —18°C. The detailed phyto-
chemical composition of the ESAP was recently reported.’

Cardioprotective studies

Animals. We used 48 male Wistar rats 20 weeks old. All
animals were obtained from the vivarium at UFGD. All rats
were kept in an animal room with controlled temperature
(22°C%2°C) and humidity (54% +2%) under a 12-h light/
12-h dark cycle. Food and water were provided ad libitum.
All animal procedures were approved by the Ethics Com-
mittee on Animal Experimentation, UFGD (protocol No. 21/
2019).

Induction of acute MI, treatments,
and clinical evaluations

The rats were randomly divided into six different groups
(n=8/group). The naive and negative control (NC) groups
were treated only with vehicle (1 mL/100g body weight).
The positive control (PC) group received CVDL orally
(10 mg/kg). The ESAP groups received 30, 100, and
300 mg/kg ESAP by gavage. All treatments were performed
once daily for 7 days.

On the morning of day 6, MI was induced in the ESAP,
NC, and PC groups by the acute oral administration of ISO
(100 mg/kg). On the morning of day 8, all rats were intra-
muscularly anesthetized with ketamine (100 mg/kg) and
xylazine (20mg/kg) and underwent electrocardiography
(ECG) using a 12-lead ECG recorder (WinCardio, Micro-
med, Brasilia, Brazil) according to Guarnier et al.'? Trans-
thoracic echocardiography was then performed using an
Ecol Hipermedic echocardiograph (Hipermedic, Porto

Alegre, RS, Brazil). Immediately after echocardiography,
blood samples were collected through the jugular vein.
Serum was obtained, and levels of creatine kinase-MB
fraction (CK-MB) and cardiac troponin T (cTNT) were
quantified using an automated biochemical analyzer (Cobas
Integra 400 plus, Roche).

Statistical analyses

The results are expressed as the mean * standard error of
the mean (SEM) of n =8 rats/group. The statistical analyses
were performed using one-way analysis of variance (AN-
OVA) followed by Tukey’s post hoc test. Values of P <.05
were considered statistically significant.

RESULTS AND DISCUSSION

In the present study, acute treatment with ISO
(100 mg/kg) significantly increased serum levels of CK-MB
and ¢TNT in normotensive rats after 24 h of administration,
indicating direct myocardium damage (Table 1). We de-
tected a significant increase in ECG QT and QRS segments
(Table 2) and decreases in the systole diameter and ven-
tricular ejection fraction (Table 1). Treatment with CVDL
and ESAP (at all doses tested) prevented all changes,
maintaining values of the various biochemical, electrocar-
diographic, and echocardiographic parameters similar to
those in naive animals.

Cardiovascular diseases currently represent ~30% of all
deaths worldwide. Among the main causes of death and
other important cardiovascular sequelae, MI is notable.
Myocardial infarction can lead to necrosis and the persistent
scarring of cardiomyocytes, causing additional morbid
pathological sequelae.!® The diagnosis of MI is based on
measurements of serum markers, including CK-MB and
c¢TNT. The detection of intracoronary thrombi and electro-
cardiographic changes and abnormalities of cardiac motility
and the ejection fraction may be important indications of
MI‘13—15

Cardiac troponin is detectable in three forms: ¢TNT, tro-
ponin I (cTNI), and troponin C (cTNC). cTNT is a component
of the heterotrimeric complex to which tropomyosin is asso-
ciated and directly responsible for the myocardial contractile
process. This protein is exclusive to cardiomyocytes. Eleva-
tions of cTNT suggest cardiac muscle injury. cTNT levels
generally begin to increase within 2—4 h after the onset of the
myocardial necrosis process, reaching maximum values after
24-48 h. Troponin has the same diagnostic sensitivity as the
CK-MB enzyme 12-48h after the onset of infarction symp-
toms, but troponin is essential for patients with diseases that
reduce the specificity of the CK-MB.'*

Another useful tool for IM diagnosis is ECG. Although
some infarcted patients have a normal ECG, some ECG
changes are significantly related to MI, including new sig-
nificant ST-segment-T wave or new left bundle branch
block. Furthermore, the development of pathological Q
waves may also be present.'® Although echocardiography is
important for detecting several cardiac diseases, it is not
always suitable for detecting acute MI. Echocardiography is
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TABLE 1. EFFECTS OF THE ETHANOL-SOLUBLE FRACTION FROM ALOYSIA POLYSTACHYA LEAVES
AND CARVEDILOL ON BIOCHEMICAL AND ECHOCARDIOGRAPHIC PARAMETERS

Parameter Naive NC ESAP (30mg/kg) ESAP (100 mg/kg) ESAP (300 mg/kg) CVDL (10 mg/kg)
Biochemical

CK-MB (U/L) 66.33+£10.09 201.23£22.11* 140.2+15.16%® 133.22+19.44%® 141.324£22.23% 87.2+14.22%
c¢TNT (ug/L) 0.12£0.02 0.82+0.03* 0.52+0.02% 0.46+0.03 0.50+0.02% 0.13+0.03%
Echocardiographic

HR (bpm) 232.10£21.60 153.50+24.93* 196.63 +37.22 198.88 +£26.18 191.25+29.36 224.25+22.95°
SD (mm) 0.13£0.03 0.17+0.02* 0.13£0.02° 0.13+£0.02° 0.12+0.02° 0.13£0.02b
DD (mm) 0.41£0.07 0.4210.06 0.421£0.08 0.390.03 0.41£0.03 0.44%0.07
FDV (mL) 0.18+0.07 0.19£0.08 0.19£0.09 0.16+0.03 0.17£0.04 0.18+0.05
FSV (mL) 0.01£0.01 0.01£0.01 0.01£0.01 0.01£0.01 0.01£0.01 0.01£0.01
SV (mL) 0.18£0.02 0.17£0.02 0.18+0.03 0.14+0.03 0.16+0.04 0.19£0.04
EF (%) 96.26+1.34 83.01+2.60* 96.71+£2.71° 95.30+2.68° 96.19+2.35° 97.39+2.60P

Statistical analyses were performed using one-way ANOVA followed by Tukey’s test. Values are expressed as mean+ SEM of eight animals per group.

2P <.05 compared to the naive rats.
*Denotes P<.05 compared to the NC.
“Denotes P <.05 compared to the ESAP (30, 100, or 300 mg/kg).

ANOVA, analysis of variance; CK-MB, creatine kinase-MB fraction; cTNT, cardiac troponin T; CVDL, carvedilol; DD, diastole diameter; ESAP, ethanol-soluble
fraction of A. polystachya; EF, ejection fraction; FDV, final diastolic volume; FSV, final systolic volume; HR, heart rate; NC, negative control; SD, systole diameter;

SEM, standard error of the mean; SV, stroke volume.

often useful for monitoring complications that occur after
ML, including ventricular wall rupture, mitral valve regur-
gitation, and other alterations in ventricular function.'’
Isoproterenol is known to increase oxidative stress'® and
lipid peroxidation in cardiac muscle cells.!” It also mediates
calcium overload,'® renin-angiotensin release,'® and in-
flammation®® in the myocardium, resulting in infarct-like
necrosis. Beta-blocking drugs, such as CVDL, are routinely
used to prevent MI. Its cardioprotective effect is related to
the direct reduction of cardiac overload. In addition, beta
blockers also reduce pre- and post-load by reducing renin
release by renal juxtaglomerular cells, resulting in lower
activation of the renin-angiotensin-aldosterone system.?!
Although we did not investigate the molecular mecha-
nisms of the cardioprotective effects of ESAP, some pre-
vious studies suggest some possibilities. In a recent study,
Marques et al® reported the presence of organic acids,

methoxylated flavones, and glycosylated compounds, in-
cluding phenolic acids, phenylpropanoids, iridoids, and
monoterpenes, in the ESAP. These authors showed that
prolonged treatment with the ESAP in spontaneously hy-
pertensive rats modulated the tissue antioxidant system in
heart, kidney, and aorta samples, resulting in significant
antioxidant effects.

Several studies have shown that different natural products,
including flavonoids and other phenolic compounds, effec-
tively prevent ISO-induced MI through antioxidant activities
and the prevention of lipid peroxidation.?? Thus, luteolin,??
safranal,® curcumin, and quercetin® deserve to be high-
lighted. The present findings suggest that the ESAP may exert
a cardioprotective response through its antioxidant effects and
protection against lipid peroxidation in the myocardium. Fu-
ture studies should further test possible nutraceutical products
based on the ESAP for the prevention of ISO-induced toxicity.

TABLE 2. EFFECTS OF THE ETHANOL-SOLUBLE FRACTION FROM ALOYSIA POLYSTACHYA LEAVES
AND CARVEDILOL ON ELECTROCARDIOGRAPHIC PARAMETERS

Naive NC ESAP (30 mg/kg) ESAP (100 mg/kg) ESAP (300 mg/kg) CVDL (10 mg/kg)

Segments (ms)

PR 35.00+4.96 36.43+17.08 42.88+12.17 50.88+12.11 45.13£10.82 40.88+6.83

QRS 46.25+3.41 145.71+£9.57* 59.25+15.76° 65.75+21.72° 79.88+£34.79° 49.75+£12.67°

QT 104.5+£10.77 150.14£8.95* 128.13+21.97 121.00£20.00 131.00+29.97 106.00+10.72°

QTC 196.25+22.93 278.29+25.72* 229.754+39.95 235.77126.42 233.251+36.24 205.13+18.53°
Waves (mV)

P 0.06+0.03 0.05+0.03 0.0410.03 0.07£0.03 0.06+0.02 0.0510.02

Q -0.04£0.01 -0.05£0.02 -0.03£0.01 -0.03£0.01 -0.04£0.02 -0.031£0.01

R 0.21£0.08 0.19+0.05 0.22+0.04 0.24£0.06 0.2510.05 0.26+0.06

S -0.021+0.01 -0.02+0.01 -0.021+0.01 -0.01£0.01 -0.03+0.02 -0.03+0.02

Statistical analyses were performed using one-way ANOVA followed by Tukey’s test. Values are expressed as mean+ SEM (standard error of the mean) of 8

animals per group.
2P <.05 compared to the naive rats.
"Denotes P<.05 compared to the NC.
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CONCLUSION

The present study suggests that the ESAP has cardio-
protective effects against ISO-induced MI in rats. The car-
dioprotective effects of the ESAP may be useful for
preventing the occurrence of MI.
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6 CONCLUSOES

O presente estudo identificou uma alternativa vidvel para induzir uma combinacgéo de
multiplos fatores de risco cardiovascular em um modelo animal que se assemelha as condi¢des
evidenciadas em humanos. Ambos os modelos de hipertensdo utilizados (2K1C e SHR),
associados ao hipotireoidismo e dieta hiperlipidica, foram capazes de desenvolver significativa
dislipidemia, estresse oxidativo e comprometimentos renais, vasculares e cardiacos que sao
sugestivos de DCV; mas o grupo SHR exibiu alteracOes fisiopatoldgicas mais significativas.

Na segunda etapa do projeto foram atestados os efeitos cardioprotetores do Oleo
essencial de A. polystachya utilizando o modelo de multiplos fatores de risco cardiovascular
validado na etapa 1. Os resultados evidenciaram a auséncia de sinais de toxicidade frente a
administracdo do 6leo essencial, bem como a prevaléncia de B-mirceno, limoneno e carvona
em sua composicdo fitoquimica. Além disso, o tratamento com o 6leo essencial de A.
polystachya, por 42 dias, preveniu as alteracdes renais, eletrocardiograficas e hemodinamicas,
mantendo niveis de PAS semelhantes aos encontrados nos animais naive. Os dados obtidos nos
permitem concluir que o Oleo essencial de A. polystachya apresenta significativo efeito
cardioprotetor, demonstrando o potencial da espécie como um protdtipo para o
desenvolvimento de um novo medicamento fitoterapico que pode ser utilizado como

complemento no tratamento de diferentes doencas cardiovasculares.
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7 ANEXOS
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Certificamos que a proposta intitulada “Validacdo da predicao de um
modelo associativo de hipertensdo arterial sistémica e aterosclerose em
ratos”, registrada sob o protocolo de n°® 10/2020, sob a responsabilidade de
Arquimedes Gasparotto Junior e Karyne Garcia Tafarelo Moreno — que envolve a
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encontra-se de acordo com os preceitos da Lei n® 11.794, de 08 de outubro de
2008, do Decreto n° 6.899, de 15 de julho de 2009, e com as normas editadas
pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA), e foi
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Finalidade ( ) Ensino ( X) Pesquisa Cientifica
Vigéncia da autorizagdo | 01/01/2021 a 01/03/2023
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NO de animais 100 / 80 Wistar e 20 SHR
Peso/idade 90 dias
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Origem Biotério Central da UFGD
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